
























































































$'&   $GHQRNDU]LQRP
%%LOG   VRQRJUDSKLVFKH%LOGJHEXQJ
%(1   JXWDUWLJHU7XPRU
ܿ݉ܪଶܱ  'UXFNLQ=HQWLPHWHU:DVVHUVlXOH
&(0   WKHUPLVFKHbTXLYDOHQ]GRVLV&XPXODWLYH(TXLYDOHQW0LQXWHV
&23'  FKURQLVFKREVWUXNWLYH/XQJHQHUNUDQNXQJ
&7   &RPSXWHUWRPRJUDSKLH
&:   NRQWLQXLHUOLFKH:HOOHQIRUP
'/7   'RSSHO/XPHQ7XEXV
')7   GLVNUHWH)RXULHU7UDQVIRUPDWLRQ
)(9   (LQVHNXQGHQNDSD]LWlW
)'$   86DPHULNDQLVFKH%HK|UGHIU/HEHQVXQG$U]QHLPLWWHOVLFKHUKHLW
ܨܫܱଶ   LQVSLUDWRULVFKH6DXHUVWRIINRQ]HQWUDWLRQ
)86   8OWUDVFKDOOFKLUXUJLH)RFXVHG8OWDVRXQG6XUJHU\
):+0  YROOH%UHLWHEHLKDOEHP,QWHQVLWlWVPD[LPXP)XOO:LGWK+DOI0D[LPXP
+,)8  IRNXVVLHUWHU8OWUDVFKDOO+LJK,QWHQVLW\)RFXVHG8OWUDVRXQG
+5   +HU]IUHTXHQ]
+63   +LW]H6FKRFN3URWHLQ
/&/&   JUR]HOOLJHV%URQFKLDONDU]LQRP
/'   OHWDOH'RVLV
/.   /\PSKNQRWHQ
/,77   /DVHULQGX]LHUWH7KHUPR7KHUDSLH
/2/   OLQNHU2EHUODSSHQ
/8/   OLQNHU8QWHUODSSHQ
057   0DJQHWUHVRQDQ]WRPRJUDSKLH
05J)86  05JHVWW]WH8OWUDVFKDOOFKLUXUJLH
0,   PHFKDQLVFKHU,QGH[
0:$  0LNURZHOOHQDEODWLRQ
16&/&  QLFKWNOHLQ]HOOLJHV/XQJHQNDU]LQRP
3&'   SDVVLYH.DYLWDWLRQVGHWHNWLRQ
3((3   SRVLWLYHUHQGH[SLUDWRULVFKHU%HDWPXQJVGUXFN
3)&   3HUIOXRUFDUERQ
37)(   3RO\WHWUDIOXRUHWK\OHQ
35)6   057KHUPRPHWULHPLW+LOIHGHU3URWRQ5HVRQDQ])UHTXHQ]6KLIW
3=7   SLH]RHOHNWULVFKH.HUDPLNHQ
313   QHJDWLYHU6FKDOOVSLW]HQGUXFN
6&/&   NOHLQ]HOOLJHV/XQJHQNDU]LQRP
64&   3ODWWHQHSLWKHONDU]LQRP
5)$   5DGLRIUHTXHQ]DEODWLRQ
52&   5DGLXVHLQHUVSKlULVFKHQ$SHUWXU
52/   UHFKWHU/XQJHQ2EHUODSSHQ
0/   0LWWHOODSSHQUHFKWV
58/   UHFKWHU8QWHUODSSHQ
6$)7   %LOGJHEXQJGXUFKV\QWKHWLVFKH$SHUWXU
6%57   VWHUHRWDNWLVFKH%HVWUDKOXQJ
60   $EODWLRQVVDXP6DIHW\0DUJLQ
7&   7KHUPRHOHPHQW7KHUPR&RXSOH
700   JHZHEHlKQOLFKHV0DWHULDO7LVVXH0LPLFNLQJ0DWHULDO
86J)86 VRQRJUDSKLVFKJHVWW]WH8OWUDVFKDOOFKLUXUJLH8OWUDVRXQGJXLGHG)86
9$76   YLGHRDVVLVWLHUWH7KRUDNRVNRSLH
9&   9LWDONDSD]LWlW
97   9HUVXFKVWLHU


α   $EVRUSWLRQ
ܣ   $EVRUSWLRQVNRHIIL]LHQW
ܾ   IRNDOH%UHLWH
 ൗ    1LFKWOLQHDULWlWVSDUDPHWHU
ܿ   6FKDOOJHVFKZLQGLJNHLW
ܿ଴   6FKDOOJHVFKZLQGLJNHLWLQ:DVVHU#&
୲୦   VSH]LILVFKH:lUPHNDSD]LWlW
ܥ௕   VSH]LILVFKH:lUPHNDSD]LWlWYRQ%OXW
ܦ   'XUFKPHVVHUGHUVSKlULVFKHQ:DQGOHUDSHUWXU
݂   )UHTXHQ]
IBF   0LWWHQIUHTXHQ]GHU,PSXOVDQWZRUWHLQHV6FKDOOZDQGOHUV
ܪ   +HL]OHLVWXQJ
ܪ௜   URWDWLRQVV\PHWULVFKH9HUODXIGHU+HL]OHLVWXQJVVWXIHL
ܪഥ    PLWWOHUH+HL]OHLVWXQJ 
ܫ   6FKDOOLQWHQVLWlW
ܭ   .RPSUHVVLRQVPRGXO
݇௧௛   WKHUPLVFKH/HLWIlKLJNHLW
O   :HOOHQOlQJH
ܮ   %UHLWHHLQHV*HZHEHVDPSOHV
݈   /lQJHHLQHUIRNDOHQ=RQH
݉    0DVVH
݊   /LQHDULWlWVNRQVWDQWHGHU$EVRUSWLRQ
݌ܥܱଶ   .RKOHQGLR[LG3DUWLDOGUXFN
௜ܲ௡   HLQJHVSHLVWHHOHNWULVFKH/HLVWXQJ
݌௦   6FKDOOGUXFN
ݎ   5HIOH[LRQVIDNWRU
ݎ௔   5HIOH[LRQVYHUOXVWEHL7UDQVPLVVLRQVPHVVXQJ
ܴ௖   3DUDPHWHU]XU$TXLYDOHQ]GRVLVEHUHFKQXQJ
ܴଶ   *RRGQHVVRI)LW
ݏ   /DXIVWUHFNH
ܵ௖௔௩   3&'$PSOLWXGHQVSHNWUXP
ݏܱଶ   6DXHUVWRIIVlWWLJXQJ
Ͳ   6SHNWUXPHLQHV7UDQVPLVVLRQVLPSXOVHV
U   'LFKWH
ܶ    7HPSHUDWXU
௔ܶ   DUWHULHOOH%OXWWHPSHUDWXU
௠ܶ௔௫   5HJHOWHPSHUDWXU
௞ܶ   .|USHUWHPSHUDWXU
߬   /DXI]HLWGLIIHUHQ]]ZHLHU6FKDOOLPSXOVH
X   6FKDOOVFKQHOOH
௜ܸ    9ROXPHQGHU+HL]OHLVWXQJVVWXIHL
ݓ௕   3HUIXVLRQVNRQVWDWH
ܻ    ]HLWGLVNUHWHU(PSIDQJVLPSXOVEHL7UDQVPLVVLRQLQ*HZHEH
଴ܻ   ]HLWGLVNUHWHU(PSIDQJVLPSXOVEHL7UDQVPLVVLRQLQ/|VXQJ
ܼ   DNXVWLVFKH,PSHGDQ]























































































'LH YRUOLHJHQGH$UEHLW EHIDVVW VLFKPLW HLQHPQHXDUWLJHQ$QVDW] ]XU QLFKWLQYDVLYHQ$EODWLRQ GHV
%URQFKLDONDU]LQRPV XQWHU /XQJHQIOXWXQJPLW +LOIH WKHUDSHXWLVFKHU 6FKDOOIHOGHU 'DIU ZXUGH HLQ
JHHLJQHWHV H[ XQG LQYLYR 0RGHOO HQWZLFNHOW DQ GHQHQ GLH0DFKEDUNHLW HLQHU XOWUDVFKDOOJHVWW]WHQ
+,)8$EODWLRQ ]HQWUDOSXOPRQDOHU 7XPRUH JH]HLJW ZXUGH 'HV:HLWHUHQ ZXUGH HLQ WKHRUHWLVFKHV






VFKLHGOLFKHU*U|H DQJHZHQGHW'LH0DFKEDUNHLW HLQHU VRQRJUDSKLVFK JHVWW]WHQ+,)8$EODWLRQ
GHV ]HQWUDOHQ %URQFKLDONDU]LQRPV HUIROJWH DP WXPRUWUDJHQGHQ UHVH]LHUWHQ /XQJHQODSSHQ 'D]X
ZXUGHQGLHVRQRPRUSKRORJLVFKHQ&KDUDNWHULVWLNDGHV16&/&LPJHIOXWHWHQ/XQJHQODSSHQXQGGLH
WKHUPLVFKH :HFKVHOZLUNXQJ IRNXVVLHUWHU 6FKDOOIHOGHU DXI 7XPRUH YHUVFKLHGHQHU (QWLWlWHQ XQWHU
VXFKW =XU 8QWHUVXFKXQJ HURVLYHU +,)8(IIHNWH DXI GDV JHIOXWHWH 3DUHQFK\P ZXUGHQ GLH
6FKZHOOZHUWH EHJLQQHQGHU .DYLWDWLRQ XQG GHU HLQVHW]HQGHQ *HZHEHHURVLRQ EHVWLPPW ,Q HLQHU
7LHUPRGHOOVWXGLH HUIROJWH GLH XQLODWHUDOH /XQJHQIOXWXQJ DP 6FKZHLQ 'LH VRQRPRUSKRORJLVFKHQ
&KDUDNWHULVWLND GHU )OXWXQJVVWDGLHQ ZXUGHQ FKDUDNWHULVLHUW XQG WUDQVNRVWDO +,)8 DXI VLPXOLHUWH
+HUGHDSSOL]LHUW
(UJHEQLVVH/XQJHQWXPRUHEHVLW]HQDNXVWLVFKH(LJHQVFKDIWHQZLHSDUHQFK\PDW|VHV/HEHURGHU3URV




JHJUHQ]W'HU+,)8 NRQQWH VRQRJUDSKLVFK JHVWW]W LQ ]HQWUDOH /XQJHQWXPRUH DSSOL]LHUW ZHUGHQ
'LH ORNDOH (UZlUPXQJ LP VROLGHQ *HZHEH GHV %URQFKLDONDU]LQRPV HUUHLFKWH 7HPSHUDWXUHQ YRQ
&&%HL+,)8,QWHQVLWlWHQEHUିଶNRQQWHHLQH*HZHEHURVLRQGXUFK.DYLWD




GHQ /XQJHQWXPRU JHOHLWHW ZHUGHQ N|QQHQ 3UREOHPDWLVFK HUVFKHLQW GLH $XVEUHLWXQJ HLQHV DXVUHL











EDU XQG IKUW ]XU YROOVWlQGLJHQ 6FKDOOEDUPDFKXQJ HLQHV /XQJHQIOJHOV 'LH +,)8$EODWLRQ GHV
%URQFKLDONDU]LQRPV LVWXQWHU/XQJHQIOXWXQJGXUFKIKUEDU,QGHP]XU9HUIJXQJVWHKHQGHQ7KH















































FHQ EHLP QLFKW NOHLQ]HOOLJHQ /XQJHQNDU]LQRP 16&/& $OV FKLUXUJLVFKH 9HUIDKUHQ ZHUGHQ
7KRUDNRWRPLHRGHUPLQLPDOLQYDVLYGLHYLGHRDVVLVWLHUWH7KRUDNRVNRSLH 9$76DQJHZHQGHW'DEHL
ZLUG DP KlXILJVWHQ GHU EHIDOOHQH /XQJHQODSSHQ UHVH]LHUW /REHNWRPLH +DW VLFK GHU 7XPRU DXI
]HQWUDOHEURQFKLDOH6WUXNWXUHQGHV+LOXVHUVWUHFNWN|QQHQGXUFKEURQFKRSODVWLVFKH7HFKQLNHQPD
OLJQH*HZHEHHQWIHUQWZHUGHQ,VWGDV%URQFKLDONDU]LQRPDXIPHKUHUH/DSSHQHUVWUHFNWRGHUGXUFK
VHLQH/DJH FKLUXUJLVFK QLFKW GXUFK/REHNWRPLH UHVH]LHUEDU HUIROJW GLH NRPSOHWWH(QWIHUQXQJ GHV
/XQJHQIOJHOV'LHVZLUGDOV3QHXPRQHNWRPLHEH]HLFKQHWXQGLVWLQZHQLJHUDOVGHU)lOOHQRW
ZHQGLJ (LQH EHHLQWUlFKWLJWH /XQJHQIXQNWLRQ VWHOOW HLQH .RQWUDLQGLNDWLRQ IU GLH FKLUXUJLVFKH











SLHDQVDW] GDU PLW -DKUHV hEHUOHEHQVUDWHQ YRQ ELV ]X  'ULQJV HW DO  XQG HLQHU IDVW
YHUQDFKOlVVLJEDUHQG0RUWDOLWlWYRQ1DUVXOHHWDO$NWXHOOOLHJHQQXUZHQLJH'D
WHQ ]XP 9HUJOHLFK YRQ /REHNWRPLH YHUVXV 6HJPHQWUHVHNWLRQ YRU (UJHEQLVVH ODXIHQGHU 6WXGLHQ
ZHUGHQLQGHQNRPPHQGHQ-DKUHQHUZDUWHW=KRQJHWDO
)UGLH ORNDOH.RQWUROOHGHV%URQFKLDONDU]LQRPVJHZLQQWGLH6WUDKOHQWKHUDSLH LPPHUPHKUDQ%H














NXQJHQ ]XP(LQVDW]'LH$EODWLRQ HUIROJW KLHUEHLPLW HOHNWURPDJQHWLVFKHQ:HOOHQ 5)$0:$



















WXPRUHQ FP LVW /HH HW DO  ,P 6WDGLXP , GHV 16&/& NRQQWHQ GXUFK
5DGLRIUHTXHQ]DEODWLRQ-DKUHV*HVDPWEHUOHEHQ LP%HUHLFKYRQ
HU]LHOWZHUGHQGLHPLWGHQ(UJHEQLVVHQGHU6%57YHUJOHLFKEDUVLQG+LUDNLHWDO%HILQGHQ
VLFKJURH*HIlHGHUJXWSHUIXQGLHUWHQ/XQJH LQGHU$EODWLRQV]RQH VRHQWVWHKW LQGHUHQ8PJH
EXQJ ]XVlW]OLFK HLQ .KOHIIHNW 'LHV NDQQ ]XU XQYROOVWlQGLJHQ $EODWLRQ GHV %URQFKLDONDU]LQRPV
IKUHQYRQ0H\HUIHOGWHWDO'LHKlXILJVWH1HEHQZLUNXQJGHU5)$LVWGHUV\PSWRPDWLVFKH
3QHXPRWKRUD[ LQELV]XGHU3DWLHQWHQ 6LPRQHWDOEHGLQJWGXUFKGLH ,QYDVLYLWlWGHU
6RQGHEHLH[WUDNRVWDOHU$SSOLNDWLRQ:LHNRQWURYHUVH$UEHLWHQ]HLJHQYHUEOHLEHQYLWDOH7XPRU]HO




6FKRQ IUK LQWHUHVVLHUWHPDQVLFK IUGHQ(LQVDW]YRQ8OWUDVFKDOO ]XUSXOPRQDOHQ'LDJQRVWLN -H
GRFK ]HLJWH VLFK GLH /XQJH LP YHQWLOLHUWHQ =XVWDQG DOV KRFKJUDGLJHU DNXVWLVFKHU $EVRUEHU XQG
5HIOHNWRU'XQQ	)U\/HGLJOLFKXQWHUSDUWLHOOHU$WHOHNWDVHPLW3OHXUDNRQWDNW]HLFKQHQVLFK
]HQWUDOSXOPRQDOH3UR]HVVHVRQRPRUSKRORJLVFKDE0LNKDN'LHVHU)DNWNDQQQXUXPJHNHKUW
ZHUGHQ LQGHP GHU*DVEHVWDQGWHLO GHU /XQJH GXUFK HLQH VFKDOOEDUH )OVVLJNHLW HUVHW]WZLUG $EE
 (UVWPDOLJ ZXUGH HLQ HQWVSUHFKHQGHV 9HUIDKUHQ
 EHVFKULHEHQ /HVVHU HW DO  'DEHL HUIROJWH
LQLWLDOHLQH6DXHUVWRIIYHQWLODWLRQXP6WLFNVWRIIDXV]XZD
VFKHQ ZRUDXIKLQ GHU 7KRUD[ XQWHU =ZHLOXQJHQ
YHQWLODWLRQFKLUXUJLVFKHU|IIQHWZXUGH'LH OLQNH/XQJH
ZXUGH QDFK 7KRUDNRWRPLH RGHU 7KRUDNRVNRSLH LP DW
HOHNWDWLVFKHQ XQG JDVKDOWLJHQ =XVWDQG JHIOXWHW 'DV
9HUIDKUHQ]HLJWHLP6RQRJUDPPHLQHQYROOVWlQGLJJHIOX
WHWHQ /XQJHQIOJHO RKQH *DVEHVWDQGWHLOH 'DUDXI
IROJHQGZXUGHQP|JOLFKH1HEHQZLUNXQJHQGHV9HUIDK
UHQV XQWHUVXFKW ZREHL VLFK ]HLJWH GDVV NHLQH
0RWLYDWLRQ

%HHLQWUlFKWLJXQJ GHU V\VWHPLVFKHQ 6DXHUVWRIIYHUVRUJXQJ .OLQ]LQJ HW DO  XQG NHLQH 6FKlGL
JXQJ GHV /XQJHQSDUHQFK\PV HLQWULWW /HVVHU HW DO  'LHVHU $QVDW] ZXUGH ELVKHU QXU
H[SHULPHQWHOO DP9HUVXFKVWLHU 6FKZHLQGXUFKJHIKUWXQGGLHQWHGHU VRQRJUDSKLVFKHQ'HWHNWLRQ
XQGLQWHUVWLWLHOOHQ7KHUDSLHYRQ/XQJHQKHUGHQLP5DKPHQGHU9$76
'LH%HIOOXQJGHU/XQJHPLW)OVVLJNHLW LVW LQGHU1HRQDWRORJLHEHLPDNXWHQ/XQJHQYHUVDJHQHLQ
DN]HSWLHUWHV%HKDQGOXQJVYHUIDKUHQ :ROIVRQ	6KDIIHU +LHUEHLZHUGHQ VSH]LHOOH 3HUIOXRU
FDUERQH/|VXQJHQ 3)&YHUZHQGHWZHOFKHSK\VLRORJLVFKNRPSDWLEHO VLQGXQG*DVH UHVRUELHUHQ















LVW MHGRFK LQWHQVLWlWVDEKlQJLJ8OWUDVFKDOO HUIlKUW HLQH$EVRUSWLRQ LP*HZHEHGXUFKZHOFKHDNXV
WLVFKHLQWKHUPLVFKH(QHUJLHXPJHZDQGHOWZLUG'DVVGHU8OWUDVFKDOODXFKHLQHWKHUDSHXWLVFKH:LU




GXQJ VSKlULVFKHU:DQGOHUZRGXUFKGLH6FKDOOLQWHQVLWlW ]XP)RNXVKLQYHUVWlUNWZLUG%HL DXVUHL






(LQH $EODWLRQ WULWW EHL 7HPSHUDWXUHQ EHU &
HLQZREHLGDVGHQ)RNXVXPJHEHQGH*HZHEHNHL
QH6FKlGLJXQJHUIlKUW$EE=XU=LHOIKUXQJ
PVVHQ ELOGJHEHQGH 9HUIDKUHQ ZLH 6RQRJUDSKLH
XQG 0DJQHWUHVRQDQ]WRPRJUDSKLH HLQJHVHW]W ZHU
GHQ VLHKH .DS  (UVW GXUFK GLH =LHOIKUXQJ
*XLGLQJPLWELOGJHEHQGHP8OWUDVFKDOONRQQWHGHU






 3DWLHQWHQ &URX]HW HW DO   -DKUHVEHUOHEHQVUDWHQ YRQ  HUUHLFKW ZXUGHQ 'LH
+,)87KHUDSLHGHV8WHUXVP\RPVZXUGHLQGHQ/HLVWXQJVNDWDORJGHVGHXWVFKHQ*HVXQGKHLWV





(QWLWlW 2UJDQ -DKU 4XHOOH
/HEHU]HOONDU]LQRP /HEHU  WHU+DDU	5REHUWVRQ
1LHUHQ]HOONDU]LQRP 1LHUH  9DOODQFLHQHWDO
EHQLJQH3URVWDWDK\SHUSODVLH 3URVWDWD  *HOHWHWDO
SDQNUHDWLVFKHV$GHQRNDU]LQRP 3DQNUHDV  :DQJHWDO
8WHULQH)LEURVH 8WHUXV  &KDQHWDO
)LEURDGHQRPD %UXVW  +XEHUHWDO










UDWH EHQHQQHQ +DXWYHUEUHQQXQJHQ XQG +lPDWRPH DOV KlXILJVWH .RPSOLNDWLRQ GXUFK +,)8 (V
ZXUGHQ NHLQH1HEHQZLUNXQJHQ IHVWJHVWHOOW GLH ]XU %HHLQWUlFKWLJXQJ GHU /HEHQVIXQNWLRQ IKUWHQ
'DGLHYHUZHQGHWHQ+,)86\VWHPHPHLVWVRQRJUDSKLVFKJHVWW]WVLQGLVWPLWYHUEHVVHUWHPWKHUPL
VFKHQ0RQLWRULQJ GHV 3IDGHV +DXW 5LSSHQ GXUFK057KHUPRPHWULH ]X UHFKQHQ %DURQ HW DO
$XVKHXWLJHU6LFKW OLHJHQGLHHQWVFKHLGHQGHQ1DFKWHLOH LP'RVLVPRQLWRULQJXQGGHU6WHXH
UXQJ GHU $EODWLRQVYROXPLQD 'DV $EVRUSWLRQVYHUP|JHQ LP *HZHEH YDULLHUW ORNDO XQG HLQ
XQJOHLFKPlLJHU9HUOXVWDNXVWLVFKHU(QHUJLHLP3IDGIKUW]XHLQHUKRKHQ9DULDELOLWlWGHU+HL]OHLV
WXQJ LP=LHOYROXPHQ'DKHU NDQQ HV OHLFKW ]XU8QWHU RGHUhEHUGRVLHUXQJ NRPPHQ1RWZHQGLJ
VLQGRUJDQVSH]LILVFKH2SWLPLHUXQJHQGHU+,)8$EODWLRQVVFKHPDWDGXUFK5FNNRSSOXQJGHU7HP











XQG LQHLQ WKHRUHWLVFKHV%LR+HDW0RGHOO LPSOHPHQWLHUWZHUGHQ0LW+LOIHGHU6LPXODWLRQZLUGGLH
:LUNXQJYHUVFKLHGHQHU+,)8$EODWLRQVVFKHPDWDDXIGHQ/XQJHQWXPRUXQWHUVXFKW.DSLWHO%D




VXFKXQJ GHU VRQRJUDSKLVFKHQ 'DUVWHOOXQJ XQG $EJUHQ]XQJ GHV %URQFKLDONDU]LQRPV YRP
3DUHQFK\PLVWVRPLWQRWZHQGLJ.DSLWHO
'LH8QWHUVXFKXQJ]XU:LUNXQJWKHUDSHXWLVFKHU6FKDOOIHOGHUDP]HQWUDOHQ/XQJHQWXPRUHUIROJWH[
SHULPHQWHOO DP JHIOXWHWHQ KXPDQHQ /XQJHQODSSHQ H[YLYR .DSLWHO  'DEHL ZHUGHQ GLH
WKHRUHWLVFKHQ%HWUDFKWXQJHQDXV6LPXODWLRQXQGDNXVWLVFKHU0RGHOOLHUXQJH[SHULPHQWHOODXI3ODXVL
ELOLWlW JHSUIW 1HEHQ GHU :LUNXQJ YRQ +,)8 DXI SXOPRQDOH .DU]LQRPH ZLUG GLH P|JOLFKH
6FKlGLJXQJGHV3DUHQFK\PVGXUFK.DYLWDWLRQXQWHUVXFKW.DSLWHO















JHQIOJHO JHWHLOW ZLUG $EE  'HU 5DXP ZLUG ODWHUDO GXUFK 5LSSHQ XQG NDXGDO GXUFK GDV
=ZHUFKIHOOEHJUHQ]W'HUUHFKWH/XQJHQIOJHOEHVWHKWDXVGUHL/XQJHQODSSHQVXSHULXVPH
GLXV  LQIHULRU XQGGHU OLQNH)OJHODXV]ZHL/DSSHQ VXSHULXV  LQIHULRU ZREHL MHGHU
/XQJHQODSSHQDXV6HJPHQWHQ]XVDPPHQJHVHW]W LVW'LH2EHUIOlFKHGHU/XQJHQODSSHQ LVWYRQ
GHU 3OHXUD YLVFHUDOLV XPJHEHQZRKLQJHJHQ GLH DQJUHQ]HQGHQ 6WUXNWXUHQ 5LSSH =ZHUFKIHOO YRQ











































































































QRVWLVFKHQ.ODVVLIL]LHUXQJ HQWVSUHFKHQ=XP IUKHQ 6WDGLXP , ]lKOW DOOHV XQWHU7D10 ]X







PLW HLQH XQJHKLQGHUWH 6FKDOOEDUPDFKXQJ YRQ /XQJHQSDUHQFK\P HU]LHOW ZHUGHQ NDQQ EHGDUI HV
HLQHP(UVHW]HQ GHU*DVIUDNWLRQ GXUFK HLQH VFKDOOOHLWIlKLJH)OVVLJNHLW8P5HIOHNWLRQVYHUOXVWH ]X
YHUPHLGHQVROOWHGHUHQDNXVWLVFKH,PSHGDQ]lKQOLFKGHUGHV3DUHQFK\PVVHLQ=XGHPPXVVGLH/|
VXQJGXUFKGHQ2UJDQLVPXVUHVRUELHUEDUVHLQ(VLVWQDKHOLHJHQGGDVV.RFKVDO]O|VXQJ1D&O
GLHVH 9RUDXVVHW]XQJHQ HUIOOW 'LH HLQ]LJH SXEOL]LHUWH0HWKRGLN GLH GLHVH $QQDKPHQ EHVFKUHLEW
ZLUGYRQ/HVVHU	.OLQ]LQJHWDOEHVFKULHEHQ,QGLHVHP$EVFKQLWWZLUGGLH0H
WKRGLN GHU XQLODWHUDOHQ/XQJHQIOXWXQJ GDUJHOHJW'DEHL DXFKZLUG GLH$EKlQJLJNHLW GHU3HUIXVLRQ
YRP)OXWXQJVGUXFNJHQDXHUEHWUDFKWHW




DWPHW 6LQG*DVEHVWDQGWHLOH ZLH 6WLFNVWRII RGHU ,VRIORXUDQ DXV GHP$OYHRODUUDXP DXVGLIIXQGLHUW
ZLUG GLH DXI.|USHUWHPSHUDWXU DQJHZlUPWH /|VXQJ HQGREURQFKLDO EHU GHQ HQWVSUHFKHQGHQ7X
EXVVFKHQNHO LQ GHQ /XQJHQIOJHO HLQJHOHLWHW 'HU )OXWXQJVGUXFN VWHLJW PLW ]XQHKPHQGHP
)OOYROXPHQODQJVDPDQZRUDXIKLQGHU6DXHUVWRIIEHUGLHDOYHROlUH0HPEUDQYRP%OXWUHVRUELHUW
ZLUG'HP6DXHUVWRIIIROJWQXQQXU)OVVLJNHLWQDFKZHOFKHGHQ5DXPLP/XQJHQSDUHQFK\PYROO




GDV /XQJHQJHZHEH VRQRJUDSKLVFK DEELOGHQ ODVVHQ'LH:LHGHUKHUVWHOOXQJ GHU YROOVWlQGLJHQ %HDW
PXQJVIXQNWLRQHLQHVJHIOXWHWHQ/XQJHQIOJHOVEHJLQQWPLWGHP$EWUHQQHQGHV.RFKVDO]UHVHUYRLUHV
'XUFKOHLFKWNRSIEHUJHQHLJWH/DJHUXQJNDQQELV]XGHUHLQJHIOOWHQ/|VXQJEHUGHQ7XEXV
VFKHQNHO DXVJHOHLWHW ZHUGHQ .OLQ]LQJ HW DO  'HU )OXWXQJVGUXFN IlOOW DE GLH SXOPRQDOH
3HUIXVLRQVHW]WZLHGHUHLQXQGUHVRUELHUWGLHUHVLGXDOH/|VXQJhEHUEHLGH6FKHQNHOGHV'/7ZLUG






3DUDPHWHU 7LGDOYROXPHQ $WHPIUHTXHQ] 3((3 )OXWXQJVGUXFN ),ࡻ૛
:HUW PONJ ݏିଵ ܿ݉ܪଶܱ ܿ݉ܪଶܱ 
/HVVHUHWDO
)UGLH)OXWXQJ LVWGDV9HUVWlQGQLVYRQSXOPRQDOHU3HUIXVLRQ LQ$EKlQJLJNHLWYRQ)OXWXQJVXQG
SXOPRQDODUWHULHOOHP'UXFNZLFKWLJ ,P0LWWHO EHWUlJW GHU SXOPRQDODUWHULHOOH'UXFN FD ݉݉ܪ݃
ܿ݉ܪଶܱ,QGHQ/XQJHQNDSLOODUHQKHUUVFKWHLQ0LWWHOGUXFNYRQFD݉݉ܪ݃6RPLWEHWUlJWGLH
'UXFNGLIIHUHQ] QXU ݉݉ܪ݃ ]ZLVFKHQ$UWHULHQ XQG.DSLOODUHQZDV DXI VHKU JHULQJH)OXVVZLGHU
VWlQGH LP /XQJHQNUHLVODXI VFKOLHHQ OlVVW 'HU SXEOL]LHUWH )OXWXQJVGUXFN LP HQGREURQFKLDOHQ
6FKHQNHO OLHJW LP %HUHLFK YRQ !݉݉ܪ݃ XQG EHUVWHLJW VRPLW GHQ SXOPRQDODUWHULHOOHQ /HVVHU
'DGHU)OXWXQJVGUXFNJU|HUDOVGHUSXOPRQDODUWHULHOOH'UXFNLVWZLUGGLH3HUIXVLRQLPJH




EHU GLH 8QWHUGUFNXQJ GHU 3HUIXVLRQ HUNOlUHQ:lKUHQG GHU 5HYHQWLODWLRQ NRPPW HV GXUFK GLH
ZLHGHUHLQVHW]HQGH3HUIXVLRQXQGGHUQRFKYRUKDQGHQHQ/|VXQJ LPJHIOXWHWHQ/XQJHQDUHDO]XHL





























/XQJH LVW HLQH QLFKW YRUKDQGHQH 6KXQWVLWXDWLRQ GHV JHIOXWHWHQ /DSSHQV YRQ JURHP 9RUWHLO
'DGXUFKZLUGYHUPLHGHQGDVV5HVRUSWLRQYRQ/|VXQJDXVGHUJHIOOWHQ/XQJHVWDWWILQGHW




VLFK DOV HFKRUHLFKH6WUXNWXUHQPLWQDFKJHODJHUWHQ6FKDOOVFKDWWHQGDUZREHL JHULQJVWH0HQJHQGLH







'LH JUXQGOHJHQGHQ SK\VLNDOLVFKHQ 0HFKDQLVPHQ GHV WKHUDSHXWLVFKHQ XQG GLDJQRVWLVFKHQ 8OWUD
VFKDOOV VLQG QDKH]X LGHQWLVFK %HLP GLDJQRVWLVFKHQ 8OWUDVFKDOO ZLUG HLQ NXU]HU 3XOV PLW KRKHU
%DQGEUHLWH YHUZHQGHW ZRGXUFK VLFK *HZHEHJUHQ]HQ GHXWOLFK DOV (FKR DEELOGHQ hEOLFKHUZHLVH
ZHUGHQ GDIU 6FKDOOIUHTXHQ]HQ LP %HUHLFK YRQ ͵ܯܪݖ െ ͳͷܯܪݖ YHUZHQGHW )U GHQ WKHUDSHXWL
VFKHQ 8OWUDVFKDOO NRPPHQ )UHTXHQ]HQ YRQ Ͳǡͷܯܪݖ͵ܯܪݖ]XP (LQVDW] ZHOFKH DOV
NRQWLQXLHUOLFKH:HOOH &:DXVJHVHQGHWZHUGHQ1LHGULJH)UHTXHQ]HQHUUHLFKHQJU|HUH(LQGULQJ
WLHIHQ XQG GXUFK GLH &: $QZHQGXQJ HUK|KW VLFK GHU WHPSRUDOH (QHUJLHHLQWUDJ :REHL ]XU
(U]HXJXQJHLQHU WKHUDSHXWLVFKHQ:LUNXQJ,QWHQVLWlWHQXQG$SSOLNDWLRQVVFKHPDWDVRJHZlKOWZHU
GHQGDVVHV]XU:lUPHLQGXNWLRQLP*HZHEHNRPPW









ݑሺݔǡ ݐሻ ൌ ܣ݁௜ሺఠ௧ି௞௫ሻ *O
'LH6FKDOOJHVFKZLQGLJNHLWܿሾ݉ ݏΤ ሿNDQQGXUFKGLH0DWHULDOSDUDPHWHU'LFKWHU ቂ݃ ܿ݉ଷൗ ቃXQG.RP
SUHVVLRQVPRGXO ܭ ቂܰ ݉ଶൗ ቃ VRZLH GXUFK GLH 6FKDOOIHOGJU|HQ :HOOHQOlQJH Oሾ݉ሿ XQG )UHTXHQ]
݂ሾݏିଵሿEHVFKULHEHQZHUGHQ
ܿ ൌ O ή ݂ ൌ ටܭ ߩൗ  *O
'LHDNXVWLVFKH,PSHGDQ]ܼሾܯܴܽݕ݈ሿZLUGDXFKDOV:HOOHQZLGHUVWDQGEH]HLFKQHWXQGLVWHLQH]HQWUDOH
0DWHULDONRQVWDQWHZHOFKHVLFKDXV'LFKWHXQG6FKDOOJHVFKZLQGLJNHLWHUJLEW
ܼ ൌ U ή ܿ *O
*UXQGODJHQ

,QHLQHPSODQDUHQ6FKDOOIHOGLVWGLH6FKDOOLQWHQVLWlWܫ ቂܹ ܿ݉ଶൗ ቃGXUFK6FKDOOGUXFN݌௦ሾܲܽሿXQG,PSH




ߩ ή ܿ *O
'XUFKOlXIWGLH:HOOHPLW HLQHU ,QWHQVLWlWܫ଴ HLQKRPRJHQHV0HGLXP VRHUIROJW HLQH6FKZlFKXQJ
GXUFK$EVRUSWLRQ,QQHUKDOEHLQHU/DXIVWUHFNHݏYHUULQJHUWVLFKGLH,QWHQVLWlWܫGHUIRUWVFKUHLWHQGHQ
:HOOHH[SRQHQWLHOO










ݎ ൌ ݌௥݌௘ ൌ ฬ
ܼଵ െ ܼ଴
ܼ଴ ൅ ܼଵฬ *O
'DEHL VWHOOHQ ܼଵ XQG ܼ଴ GLH ,PSHGDQ]HQ GHU DQJUHQ]HQGHQ 0DWHULDOLHQ GDU ,P )DOO YRQ ݎ|ͳ
VSULFKWPDQYRQ7RWDOUHIOH[LRQZDV LPPHU DQ*UHQ]HQYRQ*HZHEH ܼ ൎ ͳǡʹ െ ͳǡͺܯܴܽݕ݈ XQG
/XIWሺܼ ൎ ͲǡͲͲͳܯܴܽݕ݈ሻDXIWULWW
'HU0DWHULDOSDUDPHWHU 6FKDOOJHVFKZLQGLJNHLW ZXUGH ELVKHU DOV NRQVWDQW DQJHVHKHQ'LHVHU EHVLW]W
DEHU LQ)OVVLJNHLWHQXQG*HZHEHQHLQH$EKlQJLJNHLWYRQGHU6FKDOOVFKQHOOHZDV VLFKEHLKRKHQ
6FKDOOLQWHQVLWlWHQ EHPHUNEDUPDFKW )U GLHVH1LFKWOLQHDULWlW ]ZLVFKHQ 6FKDOOJHVFKZLQGLJNHLW XQG
6FKDOOVFKQHOOHXHUJLEWVLFKIROJHQGHU=XVDPPHQKDQJ%DPEHU






KDW ]XU )ROJH GDVV VLFK GLH 6FKZLQJXQJVSKDVHQ PLW KRKHP 6FKDOOGUXFN XQG 7HLOFKHQVFKQHOOH
.RPSUHVVLRQVSKDVH GDKHU VFKQHOOHU DXVEUHLWHQ DOV LQ GHU1HJDWLYGUXFNSKDVH(LQH VLQXVI|UPLJH
:HOOHVWHLOWVLFKDQLKUHU9RUGHUIURQWLPPHUPHKUDXIZREHLGLHVHDQGHU5FNIURQWDEIODFKW$EE




VH EH]LHKHQ VLFK DXVVFKOLHOLFK DXI SDUHQFK\PDOHV *HZHEH ZRKLQJHJHQ QXU ZHQLJH 'DWHQ IU
SDWKRORJLVFKHV *HZHEH LQ GHU /LWHUDWXU YRUOLHJHQ =XGHP ZXUGHQ 0HVVXQJHQ ]XU %HVWLPPXQJ
DNXVWLVFKHU (LJHQVFKDIWHQ DXVVFKOLHOLFK H[YLYR GXUFKJHIKUW VR GDVV GHU (LQIOXVV YRQ 3HUIXVLRQ
QLFKWEHUFNVLFKWLJWLVW.LVVHWDO
7DE)XQGDPHQWDOHDNXVWLVFKH(LJHQVFKDIWHQDXVJHZlKOWHU2UJDQJHZHEHXQG:DVVHU
*HZHEH ࢉሾ૚૙૙૙࢓ ࢙Τ ሿ ࢆሾࡹࡾࢇ࢟࢒ሿ αቂࢊ࡮ࢉ࢓ቃ#0+] ࡮ ࡭ൗ 
%UXVW    
/HEHU    
)HWW    
.QRFKHQ    
0XVNHO    
/XQJHYHQWLOLHUW   ! 
3URVWDWD    











KDOE VSULFKWPDQ DXFK YRP+LJK ,QWHQVLW\)RFXVHG8OWUDVRXQG +,)8 $P KlXILJVWHQZHUGHQ
GDEHL VSKlULVFKH:DQGOHU$SHUWXUHQYHUZHQGHW $EED'XUFKGLHNXJHOV\PPHWULVFKH.UP





ܾ ൌ ͳǡͶͳO ή ܴܱܥܦ 
*O

















WHQV +DUGZDUH XQG 6WHXHUXQJ (UIROJUHLFK (LQ]XJ LQ GLH 7KHUDSLH KDEHQ DQQXODU SKDVHG $UUD\V

















,P )RNXV HLQHV WKHUDSHXWLVFKHQ :DQGOHUV ZHUGHQ ,QWHQVLWlWVZHUWH LP %HUHLFK YRQ
ܫ ൌ ͳͲͲǦʹͲǤͲͲͲܹܿ݉ିଶ JHQHULHUW'HU VLPXOLHUWH D[LDOH ,QWHQVLWlWVYHUODXI HLQHV+,)8:DQGOHUV




































EXQGHQH 'DPSIGUXFNDQVWLHJ EHUFNVLFKWLJW ZHUGHQ ZHOFKHU GDV $XIWUHWHQ YRQ .DYLWDWLRQ
EHJQVWLJW:HUGHQ.DYLWDWLRQVEODVHQHU]HXJWVRLVWGHUHQ*U|H]XIlOOLJYHUWHLOW,KUZHLWHUHV9HU
KDOWHQ LVW DEKlQJLJ YRQ 'XUFKPHVVHU $QUHJXQJVIUHTXHQ] XQG 'UXFNDPSOLWXGH 6LH VWHOOHQ HLQ
VFKZLQJXQJVIlKLJHV 6\VWHPGDU /LHJW GLH8OWUDVFKDOOIUHTXHQ] LQ GHU1lKHGHU5HVRQDQ]IUHTXHQ]
ZHUGHQ%ODVHQ]XU VWDELOHQ2V]LOODWLRQDQJHUHJW $EED6LQGGLH%ODVHQ LQVWDELOQHLJHQGLHVH
QDFKHLQLJHQ=\NOHQ]XPLQHUWLDOHQ.ROODSVZHOFKHUPLWGHU,PSORVLRQLQGHUSRVLWLYHQ'UXFNSKDVH
HLQKHUJHKW$EEE,P1DKEHUHLFKGLHVHU,PSORVLRQHQZHUGHQKRKH6FKDOOGUFNH6FKRFNZHO































'LHVHU EH]HLFKQHQGH$XVVSUXFK DXV GHQ$QIlQJHQ GHU0HGL]LQ OlVVW YHUPXWHQ GDVV:lUPH HLQH
WKHUDSHXWLVFK ZLUNVDPH .RPSRQHQWH EHVLW]W $QIlQJOLFK ZXUGH GDV NQVWOLFKH )LHEHU GXUFK GLH
*DEHYRQS\URJHQHQ6WRIIHQWKHUDSHXWLVFKLQGX]LHUW,QGLHVHP=XVDPPHQKDQJHUKLHOWGHU:LHQHU
3V\FKLDWHUYRQ -DXUHJJGHQ1REHOSUHLV IU0HGL]LQ$QIDQJGHV -DKUKXQGHUWVZXUGHGLH
+\SHUWKHUPLH DOV WKHUDSHXWLVFKHU $QVDW] IU RQNRORJLVFKH.UDQNKHLWVELOGHU EHGHXWVDP(V ]HLJWH
VLFKGDEHLGDVV7XPRUJHZHEHVHQVLEOHUDXI:lUPHHLQWUDJUHDJLHUWDOV*HVXQGHV,PIROJHQGHQ$E





6WHLJW GLH 7HPSHUDWXU EHU & DQ VR HUIROJW LQ GHU =HOOH YHUPHKUW GLH 3URGXNWLRQ YRQ +LW
]H6FKRFN 3URWHLQHQ +63 'LHVHV LVW WKHUPLVFK VWDELOHU DOV QRUPDOH 3URWHLQH XQG VWHOOW HLQHQ
6FKXW]PHFKDQLVPXVGDU'LH=HOOHNDQQMHGRFKPLW+63QLFKWPHKUVRHIIL]LHQWDUEHLWHQ=HOOHQGLH
HLQHP QLFKWOHWDOHQ +LW]HHUHLJQLV & DXVJHVHW]W ZDUHQ N|QQHQ HLQH 5HVLVWHQ] JHJHQ GLHVHQ
5HL]DXIEDXHQ7KHUPRUHVLVWHQ]









DO  %HL KRKHQ 7HPSHUDWXUHQ EHU & NRPPW HV ]XGHP ]X 9DSRULVDWLRQVSUR]HVVHQ













WLND GHU *UXSSH GHU 3ODWLQGHULYDWH ZLH 'R[RUXELFLQ XQG (SLUXELFLQ JHHLJQHW 'DV NRPSOH[H









WHPSHUDWXU $UEHLWHQ YRQ 6DSDUHWR	'HZH\  KDEHQ JH]HLJW GDVV GLH =HLW ]XP(UUHLFKHQ
HLQHVOHWDOHQ7KHUDSLHHIIHNWHVVLFKKDOELHUWZHQQGLH7HPSHUDWXU!&XP.HUK|KWZLUG(V
ZXUGHIUHLQH7HPSHUDWXUGLHEHQ|WLJWH=HLWHUPLWWHOWQDFKGHUDOOHU7XPRU]HOOHQDYLWDOZD
UHQ 'LHV HQWVSULFKW HLQHU /HWKDO 'RVH /'  ,P WKHUPLVFKHQ ,VRGRVHQPRGHOO HUIROJW HLQH
1RUPLHUXQJDXI&'DEHLZLUGGLHEHQ|WLJWH=HLW]XP(UUHLFKHQGHVJOHLFKHQ WKHUDSHXWLVFKHQ










ܴ௖ሺܶሻ ൌ ቄͲǤͷ ൐ Ͷ͵ιͲǤʹͷ͵͹ι ൏ dͶ͵ι  
'LH ]XP (UUHLFKHQ HLQHU /' QRWZHQGLJH (LQZLUN]HLW EHWUlJW EHL & ≈ PLQ DOVR EHL
&(0& 'LH OHWDOH WKHUPLVFKH'RVLV LVWEHL&LQQHUKDOEYRQVHUUHLFKWXQGEHL&
EHUHLWV LQQHUKDOEHLQHU6HNXQGH'LHVHUSRWHQWLHOOH=XVDPPHQKDQJYRQ7HPSHUDWXUXQG(LQZLUN
]HLW LVW IUGLH NOLQLVFKH+,)87KHUDSLH VHKU YRUWHLOKDIW'XUFK8OWUDVFKDOODEODWLRQZHUGHQ IRNDOH
7HPSHUDWXUHQYRQ&&HUUHLFKWZRPLWVFKQHOOXQGXQDEKlQJLJYRQGHU(QWLWlW7XPRUJHZH
EH ]HUVW|UW ZLUG 'HU 9ROOVWlQGLJNHLW KDOEHU PXVV QRFK HUZlKQW ZHUGHQ GDVV GLH RELJHQ
*OHLFKXQJHQDXV([SHULPHQWHQLP7HPSHUDWXUEHUHLFK]ZLVFKHQ&JHZRQQHQZXUGHQ'HUHQ
,QWHUSRODWLRQKLQ]XK|KHUHQ7HPSHUDWXUHQGHFNW VLFKZHLWJHKHQGPLWGHQSUDNWLVFKHQ(UIDKUXQ




















GHQ IRNDOH 7HPSHUDWXUDQVWLHJH LQGX]LHUW GLH HLQH WKHUDSHXWLVFKH :LUNXQJ HU]LHOHQ N|QQHQ ,P
IROJHQGHQ$EVFKQLWWZHUGHQGLH*UXQGODJHQGHU+,)8$EODWLRQEHVFKULHEHQ'D]XZLUGHLQJOWL















ߩ ή ܥ௧௛ *O
+LHUVWHOOW୲୦ >ିଵିଵ@GLH:lUPHNDSD]LWlWGHV*HZHEHVGDU'XUFKGLH(UZlUPXQJZLUGGDV
WKHUPLVFKH*OHLFKJHZLFKW JHVW|UW(LQ$XVJOHLFK NDQQ GXUFK:lUPHOHLWXQJ:lUPHVWUDKOXQJ XQG
.RQYHNWLRQHUIROJHQ'LH:lUPHVWUDKOXQJXQG.RQYHNWLRQNDQQ LQVROLGHQ*HZHEHQYHUQDFKOlV





߲ݐ ൌ ݇௧௛οܶ *O
%HILQGHQVLFKLPEHWUDFKWHWHQ9ROXPHQHOHPHQW]XVlW]OLFKH:lUPHTXHOOHQRGHUVHQNHQVRPVVHQ





ܪ௉௘௥௙ ൌ െݓ௕ܥ௕ሺܶ െ ௔ܶሻ *O
'DEHLVWHOOWݓ௕ሾ݇݃݉ିଷݏିଵሿGLH3HUIXVLRQVNRQVWDWHXQGܥ௕ሾିଵିଵሿGLHVSH]LILVFKH:lUPHNDSD
]LWlWYRQ%OXWGDU:LUG*OPLWGHQ7HUPHQGHU3HUIXVLRQXQG+HL]OHLVWXQJVLQGXNWLRQHUJlQ]W





ଶܶ ൅ ߙ ȁ݌ȁ
ଶ









*HZHEH ࢑࢚ࢎሾࢃ࢓ି૚ࡷି૚ሿ ࡯࢚ࢎ>ࡶ࢑ࢍି૚ࡷି૚@ ࢝࢈ሾ࢑ࢍ࢓ି૜࢙ି૚ሿ
%OXW   
)HWW   
.QRFKHQ   
/HEHU   
0XVNHO   
:DVVHU   
'XFN9DOYDQRHWDO
:LUGHLQ IRNXVVLHUWHV6FKDOOIHOG LQ*HZHEHDSSOL]LHUW VRHUJLEW VLFKHLQ,QWHQVLWlWVSURILOEDVLHUHQG
DXIGHQDNXVWLVFKHQ5DKPHQEHGLQJXQJHQ$XIJUXQGGHUJHZHEHVSH]LILVFKHQ$EVRUSWLRQ3HUIXVLRQ
XQGGHQ WKHUPLVFKHQ3DUDPHWHUQVWHOOW VLFKHLQH+HL]OHLVWXQJVYHUWHLOXQJ LP)RNXVHLQGLHlKQOLFK
GHU,QWHQVLWlWVYHUWHLOXQJLVW,Q$EEDLVWHLQHVLPXOLHUWH+HL]OHLVWXQJVYHUWHLOXQJLQSHUIXQGLHUWHU
/HEHUHLQHVIRNXVVLHUWHQ:DQGOHUV3DUDPHWHUVLHKH7DEGDUJHVWHOOW,QGHP]XU]$FKVHURWDWL

















7HPSHUDWXUPLWGHU=HLW'HU7HPSHUDWXUYHUODXI IUGLHREHQGDUJHVWHOOWH+,)86LPXODWLRQ LVW LQ
$EEDIUXQWHUVFKLHGOLFKH([SRVLWLRQV]HLWHQGDUJHVWHOOW'LHIRNDOH7HPSHUDWXUVWHLJWVFKQHOO
XQG QlKHUW VLFK DV\PSWRWLVFKPLW ]XQHKPHQGHU([SRVLWLRQVGDXHU HLQHU(QGWHPSHUDWXU0LW GHP




ܶሺݐሻ ൌ ܽ൫ͳ െ ݁ି௧Ȁఛ൯ *O
0LW]XQHKPHQGHU%HVFKDOOXQJV]HLWEHWUlJW LQGHU6LPXODWLRQGLH IRNDOH7HPSHUDWXU&QDFKV
XQGHUUHLFKW:HUWHNQDSSEHU&QDFKV(VZXUGHQNHLQHOlQJHUHQ$EODWLRQV]HLWHQVLPXOLHUW





E ]HLJW GLH HQWVSUHFKHQGHQ 1HNURVH]RQHQ QDFK GHQ MHZHLOLJHQ VLPXOLHUWHQ +,)8
%HVFKDOOXQJHQ(VZLUGHLQH1HNURVH]RQHPLWHOOLSWLVFKHU$XVSUlJXQJJHELOGHWZHOFKHVLFKPLW]X















































































































t = 3 s
t = 5 s
t = 7 s
$EE+,)86LPXODWLRQLQ/HEHUJHZHEHEHLYHUVFKLHGHQHQ(LQZLUN]HLWHQPLWD9HUODXIGHUIRNDOHQ
+|FKVWWHPSHUDWXUXQGE$XVELOGXQJGHU$EODWLRQV]RQH&(0& 










,Q GHU YROXPHWULVFKHQ $EODWLRQ HUIROJW HLQH NRQWLQXLHUOLFKH (UZlUPXQJ GHV JHVDPWHQ 7XPRU
YROXPHQVRGHUHLQHV=LHOJHELHWHV'DVNDQQGXUFK'HIRNXVVLHUXQJ 0HORGHOLPD HW DO RGHU
GXUFK$XIWHLOXQJLQPXOWLSOH)RNL.|KOHUHWDOHUUHLFKWZHUGHQ/HW]WHUHVLVWNOLQLVFKEHUHLWV
HWDEOLHUWXQGEHUXKWDXIHLQHPVFKQHOOHQ LQPV$EIDKUHQGHV=LHOYROXPHQVXQWHUVWlQGLJHU:LH
GHUKROXQJ GHV IRNDOHQ 0XVWHUV ,Q $EE  LVW GLHVHV 3ULQ]LS IU HLQH URWDWLRQVV\PPHWULVFKH
9HUWHLOXQJGHV+,)8)RNXV LQGHU$EODWLRQV]RQHGDUJHVWHOOW'LHVH IRNDOH7UDQVODWLRQZLUGGXUFK
HOHNWURQLVFKHV%HDPIRUPLQJHLQHV VSKlULVFKHQ$UUD\VZLH LQ$EEFGDUJHVWHOOW JHVWHXHUW'HU
JURH 9RUWHLO GHU0HWKRGH OLHJW LP $XVJOHLFK YRQ ,QKRPRJHQLWlWHQ LQ 3IDG XQG*HZHEH GXUFK
WKHUPLVFKH.RQYHNWLRQ1DFKWHLOLJLVWGHUKRKH6WHXHUXQJVDXIZDQGIUGDV%HDPIRUPLQJPLWNRV
WHQLQWHQVLYHQ $UUD\:DQGOHUQ 'DV 9HUIDKUHQ ZXUGH ]XU (IIL]LHQ]VWHLJHUXQJ EHL $EODWLRQ
JURYROXPLJHU7XPRUHHQWZLFNHOWGD VLFK7KHUDSLH]HLWHQJHJHQEHUGHP5DVWHUYHUIDKUHQXPHLQ
9LHOIDFKHVUHGX]LHUHQ5XKQNHHWDO$UEHLWHQ]XU7KHUDSLHYRQ.QRFKHQPHWDVWDVHQ]HLJHQ
GLH(LJQXQJ GHV9HUIDKUHQV GD HLQH KRPRJHQH7HPSHUDWXUYHUWHLOXQJ EHU GHP EHIDOOHQHQ.QR
FKHQDUHDOGLHNXUDWLYH:LUNXQJYHUEHVVHUW+XLVPDQHWDO
8PGLH IRNDOH /RNDOLVDWLRQ LP=LHOJHELHW ]X NRQWUROOLHUHQ *XLGLQJZHUGHQ EHYRU]XJW HWDEOLHUWH
NOLQLVFKH%LOGJHEXQJVYHUIDKUHQZLH6RQRJUDSKLHXQG057HLQJHVHW]W'DEHLLVWGLH8OWUDVFKDOOELOG




JUDSKLVFKH 6FKQLWWELOG ,Q GHU %%LOGJHEXQJ ZLUG GLH $EODWLRQV]RQH GXUFK HLQH
(FKRJHQLWlWVYHUVWlUNXQJ VLFKWEDU ZRGXUFK VLFK $XVVDJHQ EHU GLH /lVLRQVELOGXQJ WUHIIHQ ODVVHQ
*KRVKDOHWDO)UGDV0RQLWRULQJGHV$EODWLRQVYRUJDQJHVHUVFKHLQWGHU(LQVDW]HODVWRJUD








































,Q GLHVHP$EVFKQLWWZXUGHQ GLH DNXVWLVFKHQ3DUDPHWHU YRQ/XQJHQWXPRUJHZHEH XQG JHIOXWHWHP
/XQJHQSDUHQFK\PZHOFKHIUGLH+,)8:HFKVHOZLUNXQJEHVWLPPHQGVLQGH[SHULPHQWHOOHUPLWWHOW
,QDOOHQ/LWHUDWXUTXHOOHQ]XUDNXVWLVFKHQ*HZHEHFKDUDNWHULVLHUXQJVLQGNHLQH(LJHQVFKDIWHQPDOLJ
QHU SXOPRQDOHU*HZHEH DXIJHIKUW %DPEHU  WHU+DDU  &LYDOH HW DO  (V LVW ]X
YHUPXWHQ GDVV /XQJHQWXPRUH DXIJUXQG GHV XPJHEHQGHQ YHQWLOLHUWHQ 3DUHQFK\PV DOV DNXVWLVFK
QLFKW]XJlQJOLFKEHWUDFKWHWZHUGHQ&DQFHU5HVHDUFK8.
'LHJHIOXWHWH/XQJHVWHOOWHLQ3DUHQFK\P/|VXQJV*HPLVFKGDU'DWHQDXVGHU/LWHUDWXUVLQGQXUIU
GHQYHQWLOLHUWHQ 0LNKDN	3HGHUVHQQLFKWDEHU IUGHQPLW VDOLQHU/|VXQJJHIOXWHWHQ=X








'HUH[SHULPHQWHOOH$XIEDX $EEEHVWDQGDXVHLQHP WUDQVSDUHQWHQ%HKlOWHUPLW WHPSHULHUWHU
& XQG HQWJDVWHU .RFKVDO]O|VXQJ 1D&O  =ZHL LGHQWLVFKH %UHLWEDQG8OWUDVFKDOOZDQGOHU




JHU ZDU PLW HLQHP 2V]LOORVNRS YHUEXQGHQ ZHOFKHV EHU HLQ 7ULJJHU6LJQDO PLW GHP
)XQNWLRQVJHQHUDWRUV\QFKURQLVLHUWZDU'LH'DWHQZXUGHQYRP2V]LOORVNRSEHUGLH*3,26FKQLWW
VWHOOHVHULHOODQHLQHQ/DSWRSEHUWUDJHQ'LH6WHXHUXQJGHU'DWHQHUIDVVXQJVRZLHGLH$XVZHUWXQJ

























/DJH 0DWHULDO %HVFKUHLEXQJ ,PSHGDQ] 'LFNH






























݉ଵ ൅݉ଶ െ݉ଷ ή ߩுమை *O
'LH0HVVXQJHQHUIROJWHQXQWHU WHPSHULHUWHQ &%HGLQJXQJHQ VRGDVVGHU7HPSHUDWXUHLQIOXVV
DXIGLH'LFKWHYHUQDFKOlVVLJEDUZXUGH6FKDOOJHVFKZLQGLJNHLWXQG$EVRUSWLRQHUJDEHQVLFKDXVGHU
$QDO\VHGHV(PSIDQJVVLJQDOVGHU%UHLWEDQG'XUFKVFKDOOXQJ'HU6HQGHLPSXOVHUIlKUWHLQH6FKZl











/|VXQJܿ଴ ൌ ͳͷʹͲ݉ ݏΤ #&*UHHQVSDQ	7VFKLHJJ]X
ܿ ൌ ܿ଴ ή
ܮ
߬ ή ܿ଴ ൅ ܮ *O




Ͳሺሻ ୈ୊୘ሱۛሮ Ͳሺሻሺሻ ୈ୊୘ሱۛሮ ሺሻ *O
'LH$EVRUSWLRQLQ.RFKVDO]O|VXQJNDQQYHUQDFKOlVVLJWZHUGHQ݀ܤܿ݉ିଵܯܪݖିଵ7UHHE\HW
DO  ZRPLW VLFK GLH IUHTXHQ]DEKlQJLJH $EVRUSWLRQ ߙሺ݂ሻ ቂ ൗ ቃ GHV *HZHEHV DXV GHQ
$PSOLWXGHQVSHNWUHQXQGGHU'LFNHGHU*HZHEHSUREHܮZLHIROJWHUJLEW
ߙሺ݂ሻ ൌ ͳܮ ή ʹͲ ଵ଴ሺ
ܵͲሺ݂ሻ















ߙሺ݂ሻ ൌ ܣ݂௡ *O
'LH,QWHUSRODWLRQGHU0HVVGDWHQHUIROJWHPLW+LOIHGHUÅ&XUYH)LWWLQJ´7RROER[ 0$7/$%1DW
ZLFN 86$ QDFK GHU OHDVWVTXDUHHUURU 2SWLPLHUXQJVPHWKRGH $EE  'LH *WH GHU
,QWHUSRODWLRQZXUGH GXUFK GHQ*RRGQHVV RI)LW ܴଶ ൐ Ͳǡͻ EHZHUWHW$QKDQG HLQHV0DWHULDOV EH






DQ IQI DWHOHNWDWLVFKHQ /XQJHQODSSHQ EHVWLPPW %HL8QWHUVXFKXQJHQ DP JHIOOWHQ /XQJHQODSSHQ
ZXUGHGHU6HQVRUDEVWDQGDXIGLHPD[LPDOP|JOLFKH%UHLWHGHV/XQJHQODSSHQVYHUJU|HUWZRIUHL
QH9RUULFKWXQJEDVLHUHQGDXI HLQHP0HVVVFKLHEHUGLHQWH $EE+LHUEHLPXVVWH VLFKHUJHVWHOOW
ZHUGHQGDVVVLFKNHLQ7XPRUJHZHEHXQGJURH%URQFKLHQLPDNXVWLVFKHQ3IDGEHIDQGHQ'LH9RU
JHKHQVZHLVH GHU 3UlSDUDWJHZLQQXQJ XQG )OXWXQJ GHV UHVH]LHUWHQ /XQJHQODSSHQV LVW LQ .DS 
EHVFKULHEHQ


























QHQ /XQJHQWXPRUH VRZLH /XQJH LP DWHOHNWDWLVFKHQ XQG JHIOXWHWHQ =XVWDQG ]XVDPPHQJHIDVVW







*HZHEH ࢉሾ૚૙૙૙࢓ ࢙Τ ሿ ρቂࢍ ࢉ࢓૜ൗ ቃ =>05D\O@ ࡭ቂࢊ࡮ ࢉ࢓ࡹࡴࢠൗ ቃ Q ࡾ૛
16&/&
64& ± ± ±   
$'& ± ± ±   
%$& ± ± ±   
%(1      
/XQJH
JHIOXWHW ± ± ±   










݀ܤ ܿ݉ܯܪݖൗ 'HU/LQHDULWlWVNRHIIL]LHQWQ LVW LP64&HWZDVK|KHUDOV LP$'&YV'DV
$OYHRODU]HOONDU]LQRP%$&]HLJWGLHJHULQJVWH$EVRUSWLRQYRQ7XPRUJHZHEHQ݀ܤ ܿ݉ܯܪݖൗ PLW
HLQHU QDKH]X OLQHDUHQ )UHTXHQ]DEKlQJLJNHLW Q≈ 'DV EHQLJQH +DPDUWRQFKRQGURPD ZHLVW GHQ



















GXUFK GLH .RFKVDO]O|VXQJ ]X UHFKQHQ $XIJUXQG HLQHV ,PSHGDQ]XQWHUVFKLHGHV ]ZLVFKHQ $OYHR




PLW EHUVFKlW]W GD GDV 0HVVYHUIDKUHQ YRQ HLQHP KRPRJHQHQ 0HGLXP RKQH PXOWLSOH 6WUHXXQJ
DXVJHKW
$EVRUSWLRQEHVWLPPWGLH8PZDQGOXQJDNXVWLVFKHULQWKHUPLVFKH(QHUJLH'LHVHLVWLQGHUJHIOXWHWHQ
/XQJH݀ܤ ܿ݉ܯܪݖൗ YLHOJHULQJHUDOVLP7XPRUJHZHEH݀ܤ ܿ݉ܯܪݖൗ 6RPLWZLUGGHU+,)8
LQGX]LHUWH7HPSHUDWXUDQVWLHJLP3DUHQFK\PJHULQJHUDXVIDOOHQDOVLP7XPRUJHZHEH+LHU]HLJWVLFK





WHQ IU3URVWDWDRGHU8WHUXV %DPEHU.HVKDYDU]L HW DO'DV%$&]HLJW HLQHQHWZDV
JHULQJHUHQ$EVRUSWLRQVZHUW݀ܤ ܿ݉ܯܪݖൗ ZHOFKHUVLFKYRQGHQHQGHUDQGHUHQ7XPRUHQWLWlWHQ
XQWHUVFKHLGHW'LH WKHUPLVFKH+,)8,QGXNWLRQZLUG LQ%$& YHUPXWOLFK JHULQJHU DXVIDOOHQ DOV LP
$'&XQG64&LQZHOFKHQ0DPXVVH[SHULPHQWHOOHUPLWWHOWZHUGHQ
'LHVH(UKHEXQJDNXVWLVFKHU3DUDPHWHUHUIROJWHLP5DKPHQGLHVHU$UEHLWHUVWPDOLJDQ/XQJHQWXP
RUJHZHEHXQGJHIOXWHWHU/XQJH :ROIUDP HW DO  ,QGHU)DFKZHOW EHVWDQG DQGLHVHQ'DWHQ
ELVKHU NHLQ ,QWHUHVVH GD HLQ SUDNWLVFKHU1XW]HQ ]XU $QZHQGXQJ WKHUDSHXWLVFKHQ 8OWUDVFKDOOV LP
YHQWLOLHUWHQ/XQJHQJHZHEHQLFKWHUVLFKWOLFKZDU
0|JOLFKH/LPLWLHUXQJHQHUJHEHQVLFKDXVGHUJHULQJHQ$Q]DKOYRQ*HZHEHSUREHQEHLPEHQLJQHQ






WKHUPLVFKHQ(LJHQVFKDIWHQ QRWZHQGLJ'LHVHZXUGHQ QLFKW EHVWLPPW GD GLH9HUIDKUHQ VHKU DXI
ZHQGLJ XQG PLW JURHQ )HKOHUQ EHKDIWHW VLQG 9DOYDQR HW DO  =XGHP JLEW HV HLQH
DXVUHLFKHQGH'DWHQEDVLV GHU WKHUPLVFKHQ /HLWIlKLJNHLW IU SDUHQFK\PDW|VH XQGPDOLJQH*HZHEH
'XFN 'LH WKHUPLVFKH.DSD]LWlW YRQ*HZHEHQ LVW lKQOLFK GHQ:HUWHQ YRQ:DVVHU 7DE







ZHEH XPJHEHQ VLQG LP 5DKPHQ YRQ 6LPXODWLRQHQ XQWHUVXFKW 'LH LP YRULJHQ $EVFKQLWW
EHVWLPPWHQ DNXVWLVFKHQ 3DUDPHWHU ZXUGHQ GDEHL LQ HLQH 6LPXODWLRQVXPJHEXQJ ]XU %LR+HDW
,QGXNWLRQHLQJHEXQGHQ'DUDXIDXIEDXHQGHUIROJWHHLQ9HUJOHLFKGHU:LUNVDPNHLWJlQJLJHU$EODWL






ZDUH 6LPXODWLRQVXPJHEXQJ DXI 0DWODE %DVLV YHUZHQGHW 'LHVHV 7RRO ZXUGH YRQ GHU )'$
HQWZLFNHOW 6RQHVRQXQGEHUHLWV LQYHUVFKLHGHQHQ$UEHLWHQYDOLGLHUW +RXHWDO'HU
6LPXODWRUEHVWHKWDXV]ZHL0RGXOHQ
 DNXVWLVFKHV0RGXO
%DVLHUHQG DXIGHQJHRPHWULVFKHQ3DUDPHWHUQ HLQHV VSKlULVFKHQ:DQGOHUVZLUG HLQ IRNDOHV
6FKDOOIHOG LQ HLQHP ]ZHLGLPHQVLRQDOHQ URWDWLRQVV\PPHWULVFKHQ 0RGHOO EHUHFKQHW 'DV
7UDQVPLVVLRQVPHGLXPNDQQHLQRGHU]ZHLODJLJDEJHELOGHWZHUGHQ:LFKWLJVWHU$VSHNWGHV
6LPXODWRUV LVWGLH%HUHFKQXQJGHUIRNDOHQ6FKDOOLQWHQVLWlWXQWHU%HUFNVLFKWLJXQJGHU$XV




$XVGHU UlXPOLFKHQ6FKDOOIHOGYHUWHLOXQJZLUGGLH+HL]OHLVWXQJܪሺݖǡ ݎሻ LQ MHGHP9ROXPHQ
HOHPHQW GXUFK $EVRUSWLRQ EHVWLPPW 'LHVH +HL]OHLVWXQJVYHUWHLOXQJ GLHQW DOV ,QSXW GHV
%LR+HDW0RGHOOV8QWHUGHU$QQDKPHHLQHUUlXPOLFKKRPRJHQHQ.RQYHNWLRQZLUGLWHUDWLY






YRQ%ORFNHOHPHQWHQ DEJHELOGHW(LQ JURHU9RUWHLO GLHVHU0RGHOOVWUXNWXULHUXQJ JHJHQEHU)LQLWH

















'LH YROXPHWULVFKH$EODWLRQ EHUXKW DXI GHU YLUWXHOOHQ*OHLFKYHUWHLOXQJ HLQHV+,)8)RNXV LP7X
PRU 'LH GDIU QRWZHQGLJH PLWWOHUH +HL]OHLVWXQJ LP 7XPRUYROXPHQ ܪഥ்௨௠௢௥ሾܹܿ݉ିଷሿ ZXUGH
GDEHLLQ]ZHL6FKULWWHQEHUHFKQHW









ሺݖሻሻଶ  ή οݖ *O
௜ܸ ൌ ܸԢ௜ െ ௜ܸିଵ *O




































'DV IRNDOH*HVDPWYROXPHQ ிܸ௢௞௨௦ HQWVSULFKWGHP9ROXPHQGHUJHULQJVWHQ+HL]OHLVWXQJVVWXIHEHL
ܸԢ୫ୟ୶ሺ௜ሻ'LHPLWWOHUH+HL]OHLVWXQJGHV)RNXVܪഥி௢௖௨௦HUJLEWVLFKDXVGHU6XPPHGHU+HL]OHLVWXQJHQ
MH6WXIHሺܪ௜ሻGHP9ROXPHQGHU+HL]OHLWXQJVVWXIH ௜ܸXQGGHP*HVDPWYROXPHQGHV)RNXVJHPl
ܪഥி௢௖௨௦ ൌ ͳ ிܸ௢௞௨௦ൗ ෍ܪ௜ή ௜ܸ௜
 *O
,VWGDV9ROXPHQGHV)RNXV ிܸ௢௖௨௦XQGGHV7XPRUV்ܸ ௨௠௢௥EHNDQQWVRZLUGLP]ZHLWHQ6FKULWW
GLH PLWWOHUH +HL]OHLVWXQJ LP 7XPRUYROXPHQ YHUHLQIDFKW DXV GHQ 9ROXPHQYHUKlOWQLVVHQ XQG GHU
PLWWOHUHQ+HL]OHLVWXQJLP)RNXVZLHIROJWEHUHFKQHW




$XIWUHWHQ YRQ .DYLWDWLRQ *DVEODVHQ N|QQHQ GDV 6FKDOOIHOG GXUFK 7RWDOUHIOH[LRQ DEVFKLUPHQ
'HVKDOE ZXUGH HLQ 5HJOHU LPSOHPHQWLHUW ZHOFKHU GLH +HL]OHLVWXQJ ܪሺݖǡ ݎሻ LQ MHGHP
9ROXPHQHOHPHQWEHL(UUHLFKHQ HLQHU 6FKZHOOWHPSHUDWXU ௠ܶ௔௫ VFKDOWHW'LHVHV HLQIDFKH9HUIDKUHQ
ZLUGEHL05J)866\VWHPHQDQJHZHQGHW.|KOHUHWDO$XIJUXQGGHU7UlJKHLW WKHUPLVFKHU
.RQYHNWLRQ ZHUGHQ PLW +LOIH GLHVHV HLQIDFKHQ 5HJOHU VWDELOH 7HPSHUDWXUODJHQ LP =LHOYROXPHQ
HLQJHVWHOOW
ܪሺݖǡ ݎሻ ൌ ൜ ܪഥ்௨௠௢௥ܶሺݖǡ ݎሻ ൏ ௠ܶ௔௫Ͳܶሺݖǡ ݎሻ ൌ൐ ௠ܶ௔௫ *O
(VLVWEHNDQQWGDVVHLQLJHDNXVWLVFKH3DUDPHWHUVLFKPLW]XQHKPHQGHP7HPSHUDWXUHLQWUDJlQGHUQ
,QVEHVRQGHUH IKUW HLQH1HNURWLVLHUXQJ ]X HLQHU(UK|KXQJ GHU $EVRUSWLRQ GHV*HZHEHV'XUFK














ܵܯ ൌ ݖሺܥܧܯͶ͵ܥ ൌ൐ ʹͶͲሻ െ ்ݎ ௨௠௢௥ *O
'LH6LPXODWLRQGHV$EODWLRQVVDXPVHUIROJWHXQWHUGHU$QQDKPHGDVVPLW6LPXODWLRQVEHJLQQW 
GDVJHVDPWH7XPRUYROXPHQKRPRJHQDXIGLH5HJHOWHPSHUDWXUYRUJHZlUPWLVW'HUVLPXOLHUWH=HLW
EHUHLFK HQWVSULFKW GHU 'DXHU GHU 5HJHOSKDVH $EE  (V ZXUGH GHU (LQIOXVV GHU
5HJHOWHPSHUDWXU ௠ܶ௔௫YRQ&&XQG&DXIGLH$XVEUHLWXQJGHV1HNURVHVDXPVXQWHU$Q
QDKPH HLQHU .|USHUWHPSHUDWXU ௞ܶ YRQ & XQWHUVXFKW 'LH 8QWHUVXFKXQJ GHV (LQIOXVV GHU
)OXWXQJVWHPSHUDWXUDXIGHQ6DXPHUIROJWHMHZHLOVEHL9DULDWLRQYRQ ௞ܶEHU&&XQG&
EHLHLQHU5HJHOWHPSHUDWXU ௠ܶ௔௫YRQ&,QGHU6LPXODWLRQGHV3HUIXVLRQVHLQIOXVVHVZXUGHHEHQ










WLRQ NDQQ GLHV HUUHLFKW ZHUGHQ LQGHP GHU )RNXV GXUFK GLH $EUDVWHUXQJ LQ GHQ SHULSKHUHQ
7XPRUDUHDOHQOlQJHUYHUZHLOWDOVLP=HQWUXP
)UGLH6LPXODWLRQZXUGHGDV7XPRUYROXPHQLQGUHL%HUHLFKHDXIJHWHLOW'DV9ROXPHQGLHVHU.X
JHOVFKDOHQ LVW JOHLFK XQG EHWUlJW MHZHLOV  GHV 7XPRUV $EE  'LH VHJPHQWVSH]LILVFKH
+HL]OHLVWXQJZXUGHOLQHDUYRQLQQHQQDFKDXHQVNDOLHUWVRGDVVGHU0LWWHOZHUWGHUHLQ]HOQHQ+HL]
OHLVWXQJHQZLHGHUܪഥ்௨௠௢௥HQWVSUDFK














EHUHLFK GHP 'UHLIDFKHQ GHV ]HQWUDOHQ $UHDO 9 HQWVSULFKW 'LHVHV 6FKHPD ZXUGH EHU GHQ
JHVDPWHQ%HVFKDOOXQJV]HLWUDXPDXIGDV7XPRUPRGHOODQJHZHQGHW
237,0,(581*EDVLHUWDXIGHUJOHLFKHQ'UHLWHLOXQJGHV0RGHOOYROXPHQVZREHLHLQHWHPSHUD




PHQWHQEHWUXJ LPPHU͵ܪഥ்௨௠௢௥ 6WHLJW LQ9GLH7HPSHUDWXU DXI &ZXUGHELV ]XP(QGHGHU









QHV UXQGHQ7XPRUV GHU YRQ3DUHQFK\PXPJHEHQ LVW $EE E'XUFK 6NDOLHUXQJ GHV5DVWHUV




























,Q GLHVHU $UEHLW ZXUGH YRQ HLQHP KRPRJHQHQ /XQJHQXQG 7XPRUJHZHEH DXVJHJDQJHQ )U GLH
WKHUPLVFKHQ(LJHQVFKDIWHQGHUJHIOXWHWHQ/XQJHZXUGHQEHNDQQWH:HUWHGHV:DVVHUVXQGIUGDV






3DUDPHWHU 6\PERO JHIOXWHWH/XQJH 7XPRU /HEHU
'LFKWH ߩሾ݃ܿ݉ିଷሿ   
WKHUP/HLWIlKLJNHLW ݇௧௛ሾܹ݉ିଵܭିଵሿ   
VSH]:lUPHNDSD]LWlW ܥ௧௛ሾܬ݇݃ିଵܭିଵሿ   
3HUIXVLRQ ݓ௕ሾ݇݃݉ିଷݏିଵሿ   
9DOYDQRHWDO'XFN
'LH 3HUIXVLRQ ZLUNW ZLH HLQ NRQYHNWLYHU :lUPHWUDQVSRUW XQG ZLUG GXUFK GHQ 3DUDPHWHU
ݓ௕ሾ݇݃݉ିଷݏିଵሿ GDUJHVWHOOW:LUG DQJHQRPPHQ GDVV GLH)OXWXQJNHLQHQ(IIHNW DXI GLH3HUIXVLRQ
KDW ݓ௕݂݈݃݁ݑݐ݁ݐ ൌ ݓ௕ݒ݁݊ݐ݈݅݅݁ݎݐ VR HUJLEW VLFK DQKDQG GHV +HU]PLQXWHQYROXPHQV LQ 5XKH YRQ













3DUDPHWHU 6\PERO JHIOXWHWH/XQJH 7XPRU /HEHU
6FKDOOJHVFKZLQGLJNHLW ܿሾ݉ݏିଵሿ   
6FKDOOLPSHGDQ] ܼሾܯܴܽݕ݈ሿ   
$EVRUSWLRQ ܣሾ݀ܤܿ݉ିଵሿǢ ݊   







3DUDPHWHU 'XUFKPHVVHU 52& )UHTXHQ] (LQJDQJVOHLVWXQJ :LUNXQJVJUDG




NDQQWHQ0HGLXP DXIJH]HLFKQHW'D]XZXUGH GHU0HVVDXIEDX DXV.DSLWHO  YHUZHQGHWZREHL
+,)8LQHLQ*HO+,)8*HO21'$&RUS6XQQ\YDOOH&$86$PLWEHNDQQWHQDNXVWLVFKHQXQG
WKHUPLVFKHQ(LJHQVFKDIWHQDEJHJHEHQZXUGH$ ݀ܤܿ݉ିଵ#0+]F ݉ݏିଵ= 
0UD\Oܥ௧௛ ൌ ͵ͺͷͲܬ݇݃ିଵܭିଵ݇௧௛ ܹ݉ିଵܭିଵ'HUPLW7&JHPHVVHQHXQGVLPXOLHUWHIRNDOH
7HPSHUDWXUYHUODXI ZlKUHQG GHU +,)8%HVFKDOOXQJ XQG $ENKOXQJVSKDVH LVW LQ $EE  GDUJH
VWHOOW(V ]HLJWH VLFK HLQQDKH]X LGHQWLVFKHU$QVWLHJEHLGHU7HPSHUDWXUYHUOlXIHELV ]XP(UUHLFKHQ
GHV0D[LPXPV YRQ & QDFK  6HNXQGHQ+,)8%HVFKDOOXQJ ,Q GHU GDUDXIIROJHQGHQ$ENK







































HW DO 'LH0HFKDQLVPHQ VLQG QRFKQLFKW YROOVWlQGLJ XQWHUVXFKW N|QQWHQ DEHU8UVDFKH GHV
DEZHLFKHQGHQ7HPSHUDWXUYHUODXIV LQ6LPXODWLRQXQG0HVVXQJ LQGHU$ENKOXQJVSKDVH VHLQ'LHV
ZUGHDXFKDXIHLQHK|KHUHWKHUPLVFKH.DSD]LWlWGHV*HOVKLQZHLVHQ
'LHVHU9HUJOHLFKSUIW]ZDUQLFKWDOOH)XQNWLRQDOLWlWHQGHU6LPXODWLRQVXPJHEXQJ]HLJWMHGRFKHLQH









































PRGHOO ]XJUXQGH JHOHJW ,P HUVWHQ 6FKULWW HUIROJWH HLQ 9HUJOHLFK GHU $XVELOGXQJ IRNDOHU +,)8
/lVLRQHQ LP7XPRUJHZHEHZREHLGHUDNXVWLVFKH3IDGMHZHLOVDXV/HEHURGHUJHIOXWHWHP/XQJHQ















































































,Q GLHVHP $EVFKQLWW ZXUGHQ GLH $XVZLUNXQJHQ HLQHU )RNXVORNDOLVDWLRQ DQ GHU 7XPRU
3DUHQFK\PJUHQ]H XQWHUVXFKW +LHUIU ZXUGH GHU +,)8 DXI GLH *HZHEHJUHQ]H SODW]LHUW







JUHQ]H ,P /XQJHQPRGHOO ZLUG HLQH ]HQWUDOH 7HPSHUDWXU YRQ FD & HUUHLFKW ZHOFKH LP




JHQPRGHOO LVW ]XP 7XPRUJHZHEH KLQ YHUVFKREHQ XQG ZHLVW HLQH PD[LPDOH $XVGHKQXQJ GHV
'XUFKPHVVHUVYRQPPQDKHGHU*UHQ]HDXI'LH=RQHUHLFKWPPLQGDV/XQJHQSDUHQFK\P
XQGPPLQGDV7XPRUJHZHEH





























'LH$XVZLUNXQJ GHU REHQ EHVFKULHEHQHQ DV\PPHWULVFKHQ&KDUDNWHULVWLN LP/XQJHQPRGHOOZXUGH
DXIGLH/lVLRQVELOGXQJDP'HQGULWHQDQGHU7XPRU3DUHQFK\PJUHQ]HXQWHUVXFKW$EED'HV









IROJWHPLW HLQHP NOHLQHUHQ*UDGLHQWHQ DOV LP7XPRUPRGHOO RKQH'HQGULW'LH QHNURWLVFKH=RQH
HUVWUHFNWVLFKKDXSWVlFKOLFKLP7XPRUJHZHEHKLQWHUGHU*HZHEHJUHQ]H'HUGHQ$XVOlXIHUXPJH






GHP /HEHUSDUHQFK\P VWHKW HLQH JU|HUH IRNDOH 6FKDOOLQWHQVLWlW LP /XQJHQPRGHOO ]XU 9HUIJXQJ
'HV:HLWHUHQZLUNWVLFKGLH3HUIXVLRQ.KOHIIHNWQXUDXIGDV/HEHUPRGHOODXVGDJHIOXWHWH/XQJH
DOV XQSHUIXQGLHUW DQJHQRPPHQ ZXUGH %HLGH 0HFKDQLVPHQ UHVXOWLHUHQ LQ HLQHU GHXWOLFK XP FD
K|KHUHQ+HL]OHLVWXQJ LP/XQJHQJHJHQEHUGHP/HEHUWXPRU'DGXUFKNRPPWHV]XU9HU
YLHUIDFKXQJ GHV 1HNURVHYROXPHQV LP GDUJHVWHOOWHQ 9HUJOHLFK EHL JOHLFKHU /HLVWXQJVDEJDEH GHV
:DQGOHUV )DVW DOOH NOLQLVFK HLQJHVHW]WHQ +,)86\VWHPH KDEHQ $EODWLRQVVFKHPDWD LPSOHPHQWLHUW
GLH DXI /HEHU RGHU 3KDQWRP0RGHOOHQ HQWZLFNHOW ZXUGHQ +ZDQJ HW DO  <LDOORXUDV HW DO
%HL$QZHQGXQJGLHVHU6FKHPDWDDXIJHIOXWHWH/XQJHNDQQHV]XhEHUGRVLHUXQJHQNRPPHQ






$Q GHU JHULQJHQ 7HPSHUDWXULQGXNWLRQ LP JHIOXWHWHQ 3DUHQFK\P ]HLJW VLFK GDVV GLH WKHUPLVFKH







ZLUNHQ N|QQWH GLH %HVFKDOOXQJV]HLW DQ GHU 3DUHQFK\PJUHQ]H HUK|KW ZHUGHQ 'D DEHU VFKRQ
7HPSHUDWXUHQQDKH&LQGHU6LPXODWLRQEHL6HNXQGHQ+,)8DXIWUDWHQLVWGDQQPLW*DVEOD
VHQELOGXQJ ]X UHFKQHQ ZHOFKH MHGRFK XQHUZQVFKW LVW $XV GLHVHP *UXQG ZXUGH DXFK NHLQH




UDVWHUQ NDQQ HLQ EHOLHELJHU QHNURWLVFKHU 6LFKHUKHLWVVDXP 60 XP GDV 7XPRUJHZHEH JHQHULHUW
ZHUGHQDXFKZHQQGHU)RNXVNOHLQHULVWDOVGHUJHZQVFKWH6LFKHUKHLWVDEVWDQG(VPVVHQOHGLJOLFK





=XU NXUDWLYHQ $EODWLRQ SXOPRQDOHU 0DOLJQLWlWHQ EHGDUI HV DQGHUHU 3ULQ]LSLHQ GXUFK ZHOFKH GLH
WKHUPLVFKH(QHUJLH WLHIHU LQ GDV 3DUHQFK\P JHODQJHQPXVV'LHVH NDQQ LP JHIOXWHWHQ /XQJHQSD











































































GDV7XPRUYROXPHQ GXUFK WKHUPLVFKH.RQYHNWLRQ VLPXOLHUW'LHV HUIROJW DP NXJHOV\PPHWULVFKHQ































































































































































































































PXOLHUWHQ 3HUIXVLRQVZHUWHQ XQG 0RGHOOGXUFKPHVVHUQ 'DEHL LVW GHU $EODWLRQVVDXP DP JU|WHQ
RKQH 3HUIXVLRQ XQG QLPPWPLW ]XQHKPHQGHU 3HUIXVLRQVUDWH DE ,P PP0RGHOO LVW GHU8QWHU
VFKLHG ]ZLVFKHQ ݓ௕ ൌ ͲݒݏʹͲ݇݃݉ିଷݏିଵ DP JHULQJVWHQ 0LW JU|HUHP 'XUFKPHVVHU QLPPW GLH
'LIIHUHQ] GHU 6DXPJU|H ]ZLVFKHQݓ௕ ൌ ͲݒݏͳͲ݇݃݉ିଷݏିଵ DPGHXWOLFKVWHQ ]X ,P PP0RGHOO
NRPPW HV QDFK 0LQXWHQ ]X HLQHU 9HUVLHEHQIDFKXQJ GHV $EODWLRQVUDQGHV YRQ











































EHUGLH$EODWLRQV]HLW XQG5HJHOWHPSHUDWXUGHQ ]X HUZDUWHQGHQ$EODWLRQVVDXPDP/XQJHQWXPRU
HLQVWHOOHQ
(LQH5HJHOWHPSHUDWXUYRQ&LVW]XU$XVEUHLWXQJHLQHVWKHUDSHXWLVFKZLUNVDPHQ6DXPVEHLPD
OLJQHQ +HUGHQ XQJHHLJQHW 'LH GDEHL ௠ܶ௔௫ & VLPXOLHUWHQ 1HNURVHUlQGHU VLQG LQ IROJHQGHU
7DEHOOH]XVDPPHQJHIDVVW
7DE'DXHU]XP$XVELOGHQHLQHV1HNURVHVDXPVEHLXQWHUVFKLHGOLFKHQ0RGHOOGXUFKPHVVHUQ ௠ܶ௔௫  &

∅ 60 PP 60 PP 60 PP
PP V  
PP V VPLQ 
PP V VPLQ 
PP V VPLQ VPLQ
8P HLQHQ EHQ|WLJWHQ 6DXP YRQ PP DXV]XELOGHQ EHGDUI HV IU 7 7XPRUH ∅PP HLQ
௠ܶ௔௫YRQ & EHU PLQGHVWHQV  0LQXWHQ ,P PP 'XUFKPHVVHU XQG EHL & EHGDUI HV
0LQXWHQZRKLQJHJHQEHL&QXU0LQXWHQEHQ|WLJWZXUGHQ7KHRUHWLVFKVLQGK|KHUH7HP
SHUDWXUHQ&VLPXOLHUEDUMHGRFKVWHLJWGDPLWGLH.DYLWDWLRQVQHLJXQJZDV]XXQHUZQVFKWHQ












DXVIDOOHQ OlVVW'DPLW JHKW GLH*HIDKU HLQHU XQYROOVWlQGLJHQ$EODWLRQ XQG VRPLW HLQHU5H]LGLYELO
GXQJHLQKHU
(LQH(UNOlUXQJIUGHQJURHQ(LQIOXVVYRQ୏DXIGHQ60OLHJWLP9HUVWlQGQLVGHUbTXLYDOHQ]GR
VLV *HPl *O  KDOELHUW VLFK GLH (LQZLUNGDXHU ]XP (U]LHOHQ HLQHU 1HNURVH EHL
7HPSHUDWXUHUK|KXQJXP.6RPLWZLUGGXUFKHLQΔ7YRQ.&YV&HLQHʹହ IDFKH
$TXLYDOHQ]GRVLV LP MHZHLOLJHQ 9ROXPHQHOHPHQW DNNXPXOLHUW (LQH K|KHUH 8PJHEXQJVWHPSHUDWXU
ZLUNWVLFKDXFKDXIGHQ7HPSHUDWXUJUDGLHQWHQ]ZLVFKHQ7XPRUXQG3DUHQFK\PDXV'DGXUFKNDQQ
EHL JOHLFKHP 6FKDOOOHLVWXQJVHLQWUDJ HLQH XPΔ ௄ܶ K|KHUH$EODWLRQVWHPSHUDWXU ሺ ௠ܶ௔௫ሻHUUHLFKWZHU
GHQ
0LW]XQHKPHQGHU5HJHOWHPSHUDWXUሺ ௠ܶ௔௫ ൐ ͺͲιܥሻZUGHGHU60ZHLWHUGHXWOLFKDQZDFKVHQ$EE
(VZXUGH ]XU 6LPXODWLRQGHV(LQIOXVVHV YRQ/|VXQJVWHPSHUDWXUXQG3HUIXVLRQ HLQH5HJHO






'HXWOLFKVWH $XVZLUNXQJ HLQHU QLFKW XQWHUGUFNWHQ 3HUIXVLRQ LVW EHL JURHQ 7XPRUGXUFKPHVVHUQ
!PP]XHUZDUWHQ'LH.RQYHNWLRQEHQ|WLJW=HLWXPGLHWKHUPLVFKH(QHUJLHLQGDV3DUHQFK\P
DE]XJHEHQ(LQJU|HUHV7XPRUYROXPHQEHGLQJWHLQH=XQDKPHGHV6DXPYROXPHQVLQZHOFKHPGLH
:lUPHPHQJH VWlUNHUGXUFK3HUIXVLRQ DEWUDQVSRUWLHUWZHUGHQNDQQ3HUIXVLRQ LQ JHIOXWHWHU/XQJH
ZXUGHGHU]HLWQRFKQLFKWPLW+LOIHGLUHNWHU LQYDVLYHU0HWKRGHQXQWHUVXFKW ,QGHQ$UEHLWHQYRQ
/HVVHUXQG.OLQ]LQJHWDOZXUGHLQGLUHNWDXIHLQHYROOVWlQGLJH8QWHUGUFNXQJGHU3HU











VDPWHQ 7XPRUYROXPHQ EHKDQGHOW 'DEHL ZXUGH GLH +HL]OHLVWXQJ HLQHV +,)8)RNXV DXI NXJHO
V\PPHWULVFKH7XPRUHPLW0RGHOOGXUFKPHVVHUQYRQPPPPJOHLFKYHUWHLOWXQGVLPXODWRULVFK
GLH UHVXOWLHUHQGHQ 7HPSHUDWXUYHUOlXIH XQG 1HNURVHYROXPHQ HUPLWWHOW 0LW +LOIH GHU 6LPXODWLRQ
ZXUGHGLH+,)8$EODWLRQXQWHUGHQVSH]LILVFKHQDNXVWLVFKHQ(LJHQVFKDIWHQJHIOXWHWHU/XQJHRSWL







RKQH GDV 9RUKDQGHQVHLQ HLQHU 3HUIXVLRQ ݓ௕ ൌ Ͳ݇݃݉ିଷݏିଵ $OV +,)8%HVFKDOOXQJV]HLW ZXUGH








































,P ]HQWUDOHQ7XPRUEHUHLFK ELOGHW VLFK GLH1HNURVH ]XHUVW DXV XQG QLPPWPLW ]XQHKPHQGHU%H
VFKDOOXQJV]HLW]XP5DQGKLQ]X'HU1HNURVHYHUODXI &(0& HUUHLFKWGHQ7XPRUUDQG LP
PPPPXQGPP0RGHOOQDFKMHZHLOVVVXQGV,PPP0RGHOOHUUHLFKWGHU


























































































7XPRUPRGHOO GDUJHVWHOOW ,P5DQGEHUHLFK ]HLJW VLFK HLQHQ$QVWLHJ DXIGLH5HJHOWHPSHUDWXU LQQHU
KDOE YRQ V LP PP 'XUFKPHVVHU 0LW ]XQHKPHQGHU %HVFKDOOXQJV]HLW NRPPW HV ]XP
$XVJOHLFK]HQWUDOHUXQGSHULSKHUHU7HPSHUDWXUGLIIHUHQ]HQ1DFKVPLQLVWGLH=LHOWHPSH
UDWXU & EHU GDV JHVDPWH 9ROXPHQ KRPRJHQ YHUWHLOW ,P PP 0RGHOO HUUHLFKW GLH














PXQJGHVPLWWOHUHQ 9XQGDQVFKOLHHQGGHV5DQGEUHLFKHV 9 ,PPP0RGHOO LVWQDFKFD
VPLQGLH=LHOWHPSHUDWXU&EHUGDVJHVDPWH9ROXPHQKRPRJHQYHUWHLOW:RKLQJHJHQ
LPPP0RGHOOQDFKPLQHLQH7HPSHUDWXUYRQ&HUUHLFKWZLUGZHOFKHXQWHUKDOEGHU
=LHOWHPSHUDWXUYRQ& OLHJW ,QGHQ5DQGEHUHLFKHQGHVPLWWOHUHQ9ROXPHQVHJPHQWHV 9VWHOOW
VLFKHLQH+|FKVWWHPSHUDWXUYRQ&QDFKVHLQ






















WHV /XQJHQJHZHEH EHUQRPPHQ 'LH 3HUIXVLRQ ZXUGH LP )DOO DOV XQWHUEXQGHQ EHWUDFKWHW
8PJHEXQJVXQG5HJHOWHPSHUDWXUZXUGHQZLHLQ7DEEHVFKULHEHQYDULLHUW
7DE6LPXODWLRQVSDUDPHWHU]XU$QZHQGXQJEHLLUUHJXOlUHU7XPRUVWUXNWXU
3DUDPHWHU 5HJHOWHPSHUDWXU .|USHUWHPSHUDWXU 3HUIXVLRQ
)DOO & & ݇݃݉ିଷݏିଵ
)DOO & & ݇݃݉ିଷݏିଵ

,Q $EE  LVW GLH 7HPSHUDWXUYHUWHLOXQJ PLW UHVXOWLHUHQGHQ 1HNURVHYROXPHQ ]X YHUVFKLHGHQHQ
=HLWSXQNWHQGDUJHVWHOOW1DFKPLQVWHOOWHVLFKLP)DOOHLQH7HPSHUDWXUYRQ&HLQZREHLHLQ
*URWHLO GHV 7XPRUYROXPHQ PLW $XVQDKPH GHU ]HQWUDOQHNURWLVFKHQ =RQHQ HLQH 'RVLV
&(0&! DXIZLHV ,P JOHLFKHQ=HLWUDXPZXUGH LP)DOO GLH5HJHOWHPSHUDWXU YRQ & HU
UHLFKW (LQH OHWDOH bTXLYDOHQ]GRVLV HUVWUHFNW VLFK EHU GDV 9ROXPHQ ZREHL GLHVH GLH SHULSKHUHQ
%HUHLFKHGHU$XVOlXIHUQLFKWHUUHLFKWH
1DFK PLQZDUHQ LP)DOO'RVHQ YRQ&(0&! EHU GHQ ]HQWUDOHQ7XPRUEHUHLFK VRZLH
SDUWLHOOLQGHQ]HQWUDOQHNURWLVFKHQ$UHDOHQDNNXPXOLHUW'LH5HJHOWHPSHUDWXUYRQ&ZDUKRPR
JHQ LP 7XPRUYROXPHQ YHUWHLOW ,P )DOO HUVWUHFNWH VLFK GLH OHWDOH 'RVLV YROOVWlQGLJ EHU DOOH
$XVOlXIHUXQGEHJLQQWGDEHLHLQHQ6DXPXPGDV7XPRUYROXPHQDXV]XELOGHQ
,PZHLWHUHQ9HUODXIELV]XP(QGHGHU6LPXODWLRQQDFK0LQXWHQYHUlQGHUWHVLFKLQEHLGHQ)lOOHQ
























































































































































FPLQXQGGPLQYROXPHWULVFKH+,)8%HVFKDOOXQJOLQNV)$//PLW ௠ܶ௔௫ ൌ ͸ͷιܥǡ  ௄ܶ ൌ ͵͹ιܥ









































'DV 3ULQ]LS GHU YROXPHWULVFKHQ $EODWLRQ LVW DXI /XQJHQWXPRUH LP JHIOXWHWHQ /XQJHQSDUHQFK\P
DQZHQGEDU0LWGHPHLQIDFKXP]XVHW]HQGHQ9HUIDKUHQGHUIRNDOHQ*OHLFKYHUWHLOXQJLP7XPRUYR
OXPHQ ODVVHQ VLFK NOHLQHUH 'XUFKPHVVHU PP LQQHUKDOE HLQHU 0LQXWH XQWHU GHQ
DQJHQRPPHQHQ +,)83DUDPHWHUQ YROOVWlQGLJ DEODGLHUHQ 'LH 2SWLPLHUXQJVPRGHOOH ZXUGHQ DXI
GLHVH'XUFKPHVVHUQLFKWDQJHZHQGHWGDGLH*HRPHWULHHLQHVUHDOHQ)RNXVJU|HULVWDOVGLH6FKD






,Q 7DE  VLQG GLH EHQ|WLJWHQ %HVFKDOOXQJV]HLWHQ ]XP (UUHLFKHQ HLQHV $EODWLRQVVDXPV DP
VSKlULVFKHQ 7XPRUPRGHOO ]XVDPPHQJHIDVVW ZREHL ]XU 2ULHQWLHUXQJ ]XVlW]OLFK GLH PLWWOHUH
7XPRUKHL]OHLVWXQJXQGGDV9HUKlOWQLVVYRQ)RNXV]X7XPRUYROXPHQDXIJHIKUWVLQG
'LH 6LPXODWLRQ GHV PP0RGHOOGXUFKPHVVHUV HUJDE HLQH YROOVWlQGLJH $EODWLRQ GXUFK DOOH GUHL
6FKHPDWDZREHL2SWLPLHUXQJDPVFKQHOOVWHQHLQHYROOVWlQGLJH1HNURWLVLHUXQJGHV7XPRUYROXPHQV
LQQHUKDOEYRQ0LQXWHQ HU]LHOWH'LHVH0HWKRGLNZXUGHQLFKW DXVGHU/LWHUDWXU HQWQRPPHQXQG
HQWVWDQG LP 5DKPHQ GLHVHU $UEHLW 6LH EHUXKW DXI HLQHU %HUFNVLFKWLJXQJ GHU $EKlQJLJNHLW YRQ
7HPSHUDWXUXQG(LQZLUNGDXHU ]XU1HNURVHELOGXQJ'DGDV LQQHUH9ROXPHQ 9 ]XHUVW EHVFKDOOW
ZLUGHUJLEWVLFKKLHUHLQHVWlUNHUH.XPXODWLRQGHUbTXLYDOHQ]GRVLVEHUGLH=HLW(VZLUGYRQLQQHQ
QDFK DXHQ 99PLW HLQHU VWHLJHQGHQ(QWVFKHLGXQJVWHPSHUDWXU JHDUEHLWHW ZDV LQQHUKDOE GHU
$EODWLRQV]HLW HLQH OlQJHUH%HVFKDOOXQJ GHV SHULSKHUHQ7XPRUDUHDOV 9 HUODXEW ,Q GLHVHP$UHDO
VLQG K|KHUH 7HPSHUDWXUHQ Q|WLJ XP 9HUOXVWH GXUFK WKHUPLVFKH .RQYHNWLRQ DP 7XPRUUDQG ]X
NRPSHQVLHUHQ'LH$QZHQGXQJDOOHU$EODWLRQVVFKHPDWDEUDFKWHNHLQHYROOVWlQGLJH1HNURWLVLHUXQJ










(LQ1DFKWHLO GHU YROXPHWULVFKHQ$EODWLRQ EHVWHKW LQ GHU VLQNHQGHU+HL]OHLVWXQJ EHL 9ROXPHQ]X
ZDFKV ்ܸ ௨௠௢௥̱ݎ͵'DEHL VFKHLQW HLQ*UHQ]ZHUW GHU+HL]OHLVWXQJ FD ܹܿ݉ିଷ ]X H[LVWLHUHQ
XQWHUKDOEGHVVHQ7XPRUHQLFKW YROOVWlQGLJ YROXPHWULVFK DEODGLHUWZHUGHQ8PGLHVH.RQVHTXHQ]
SUDNWLVFK]XXPJHKHQNDQQGDV9ROXPHQJURHU'XUFKPHVVHU LQPHKUHUHNOHLQHUHXQWHUWHLOWZHU
GHQ 'HU PP 7XPRU NDQQ VRPLW DXV FD  6HNWRUHQ YRQ∅PP RGHU  6HNWRUHQ YRQ
∅PP ]XVDPPHQJHVHW]W ZHUGHQ *HPl GHQ HUPLWWHOWHQ $EODWLRQV]HLWHQ ZUGHQ VLFK GDEHL
7KHUDSLH]HLWHQYRQPLQ[∅PPE]ZPLQ[∅PPHUJHEHQ(LQH8QWHUWHLOXQJ
GHVJURHQ7XPRUYROXPHQV LQNOHLQHUH6HJPHQWH IKUW ]XP$QVWLHJGHUEHQ|WLJWHQ7KHUDSLH]HLW
ZREHL]XVlW]OLFKPLWHLQHUhEHUODSSXQJGHU$UHDOH]XSODQHQLVW
'LHGHU6LPXODWLRQ]XJUXQGHOLHJHQGHDNXVWLVFKH'RVLVEHUXKWDXIHLQHPYRUKDQGHQHQ:DQGOHUGH













NXUDWLYHQ 6DXPV EHGDUI HV HLQHU YHUOlQJHUWHQ7KHUDSLH]HLW GLH DEKlQJLJ YRQ.|USHU XQG5HJHO
WHPSHUDWXUVRZLH3HUIXVLRQLVW
'XUFKPHVVHU PP PP PP PP
ࢂࢀ࢛࢓࢕࢘ ࢂࡲ࢕࢑࢛࢙ൗ     
ࡴഥࢀ࢛࢓࢕࢘ ܹܿ݉ିଷ ܹܿ݉ିଷ ܹܿ݉ିଷ ܹܿ݉ିଷ
9ROXPHWULVFK V V VPLQ XQYROOVWlQGLJ
2SWLPLHUXQJ ; ; VPLQ XQYROOVWlQGLJ
















GHOOHQXU DXI FDQLQHU%DVLVEHNDQQW $KUDU HW DO 9HUVXFKH GLHVH DXFK DP*URWLHUPRGHOO
6FKZHLQYHUIJEDU]XPDFKHQVFKHLWHUWHQ%DVHOHWDOZDVVLFKHEHQIDOOVLQHLJHQHQ9HUVX





PLW ܨܫܱଶ ൌ ͳǡͲ EHDWPHW 1DFKgIIQXQJ GHV 7KRUD[ HUIROJWH GLH 7UHQQXQJ GHV ]X UHVH]LHUHQGHQ
/XQJHQODSSHQV YRQ GHU 9HQWLODWLRQ 'HU /XQJHQIOJHO EHJDQQ ]XVDPPHQ]XIDOOHQ DWHOHNWLHUHQ
1DFKHUIROJWHU/\PSKNQRWHQGLVVHNWLRQZDUGHU/DSSHQYROOVWlQGLJDWHOHNWLHUWZRUDXIKLQGLHVHUUH
VH]LHUW ZXUGH ([YLYR ZXUGH 6HNUHW DXV GHQ 6HJPHQWEURQFKHQ DEJHVDXJW XQG HLQ 37)( *UDIW
&RQGXLWDQGHQ/DSSHQEURQFKXV]XU)OVVLJNHLWVHLQOHLWXQJDQJHQlKW$OOH/DSSHQUHVHNWLRQHQHU



























'LH JHIOXWHWHQ /XQJHQODSSHQ ZXUGHQ GXUFK %%LOGJHEXQJ PLW HLQHP /LQHDUVFKDOONRSI
/H0+]0LFUR0D[[6RQRVLWH,QF%RRWKHO:$86$XQWHUVXFKW'DEHLHUIROJWHGLH3RVL
WLRQLHUXQJGHV/XQJHQODSSHQVPDQXHOO IUHL VFKZLPPHQG LQ/|VXQJ'LH'DUVWHOOXQJGHU7XPRUH




















'LH 3DUHQFK\PVWUXNWXU NDQQ DOV IHLQN|UQLJ PLW KRKHU +RPRJHQLWlW EHVFKULHEHQ ZHUGHQ 9RP
HFKRUHLFKHQ3DUHQFK\P]HLFKQHQVLFKGHXWOLFKHFKRDUPH6WUXNWXUHQDEEHLGHQHQHVVLFKXP*HIl
H XQG %URQFKLHQ KDQGHOW (LQH 'UHLVFKLFKWXQJ 3DUHQFK\P*UHQ]HFKRHFKRDUPH 6WUXNWXU
FKDUDNWHULVLHUWGDEHLGLH%URQFKLDOZDQG$EEE6WUXNWXU,P*HJHQVDW]GD]XELOGHQVLFK*H







D        E
6RQRJUDSKLHGHVJHIOXWHWHQ/XQJHQODSSHQV

'HJHQHUDWLYH(UNUDQNXQJHQ GHV 3DUHQFK\PVPDQLIHVWLHUHQ VLFK HEHQIDOOV VRQRJUDSKLVFK ,Q$EE































>ĂƉƉĞŶ >ŽŬĂůŝƐĂƚŝŽŶ 'ƌƂƘĞ ,ŝƐƚŽůŽŐŝĞ ^ŽŶŽŵŽƌƉŚŽůŽŐŝĞ ďŐƌĞŶǌƵŶŐ
Zh> ƉĞƌŝƉŚĞƌ ϴϬŵŵ  ŚǇƉŽĞĐŚŽŐĞŶ͕ŚŽŵŽŐĞŶ ŐůĂƚƚ
D> ǌĞŶƚƌĂů ϯϱŵŵ  ŚǇƉŽĞĐŚŽŐĞŶ͕ŚŽŵŽŐĞŶ ŐůĂƚƚ
ZK> ǌĞŶƚƌĂů ϰϬŵŵ  ŚǇƉŽĞĐŚŽŐĞŶ͕ŝŶŚŽŵŽŐĞŶ ŐůĂƚƚ
>h> ƉĞƌŝƉŚĞƌ ϯϬŵŵ  ŚǇƉŽĞĐŚŽŐĞŶ͕ŚŽŵŽŐĞŶ ŐůĂƚƚ
Zh> ƉĞƌŝƉŚĞƌ Ϯϱŵŵ  ŚǇƉŽĞĐŚŽŐĞŶ͕ŚŽŵŽŐĞŶ ŐůĂƚƚ
     
D> ǌĞŶƚƌĂů ϭϲŵŵ  ŚǇƉĞƌĞĐŚŽŝĐ͕ŚŽŵŽŐĞŶ ŝƌƌĞŐƵůćƌ͕ĚŝĨĨƵƐ
>h> ǌĞŶƚƌĂů ϱϬŵŵ  ŚǇƉĞƌĞĐŚŽŝĐ͕ŚŽŵŽŐĞŶ ŝƌƌĞŐƵůćƌ͕ĚŝĨĨƵƐ
Zh> ƉĞƌŝƉŚĞƌ ϴϬŵŵ  ŚǇƉĞƌĞĐŚŽŝĐ͕ŚŽŵŽŐĞŶ ŝƌƌĞŐƵůćƌ͕ĚŝĨĨƵƐ
     
>h> ǌĞŶƚƌĂů ϯϬŵŵ ^Y ŚǇƉŽĞĐŚŽŐĞŶ͕ŝŶŚŽŵŽŐĞŶ ŐůĂƚƚ
Zh> ǌĞŶƚƌĂů ϮϬŵŵ ^Y ŚǇƉŽĞĐŚŽŐĞŶ͕ŝŶŚŽŵŽŐĞŶ ŐůĂƚƚ
Zh> ǌĞŶƚƌĂů Ϯϲŵŵ ^Y ŚǇƉŽĞĐŚŽŐĞŶ͕ŝŶŚŽŵŽŐĞŶ ŐůĂƚƚ
     
D> ǌĞŶƚƌĂů ϲϯŵŵ >> ŚǇƉŽĞĐŚŽŐĞŶ͕ŝŶŚŽŵŽŐĞŶ ŐůĂƚƚ
Zh> ǌĞŶƚƌĂů ϯϭŵŵ ^> ŚǇƉĞƌĞĐŚŽŝĐ͕ŚŽŵŽŐĞŶ ŐůĂƚƚ



























'DV JHIOXWHWH $OYHRODUHSLWKHO HUVFKHLQW VRQRPRUSKRORJLVFK VHKU KRPRJHQ XQG HFKRUHLFK 'LHVHV
(UVFKHLQXQJVELOGZXUGHDXFKGXUFK)OXWXQJLQYLYREHVFKULHEHQ/HVVHUHWDO'LHHFKRUHLFKH
7H[WXUGHV3DUHQFK\PVGHXWHWDXIHLQHQ,PSHGDQ]VSUXQJ]ZLVFKHQ$OYHRODUHSLWKHOXQG/|VXQJKLQ

















SHWHQI|UPLJ DXV XQG IOOW GLHVH PLW 7XPRUJHZHEH ]XQHKPHQG DXV 'DUDXV HUJLEW VLFK GDVV
SHULSKHUHJHULQJLQILOWULHUWH%HUHLFKHGHP$OYHRODUSDUHQFK\PPRUSKRORJLVFKlKQOLFKVLQGZDVVLFK
LP%%LOG HEHQVR DEELOGHW(VEHGDUI HLQHURSWLPDOHQ*HUlWHHLQVWHOOXQJXQG HLQHV HUIDKUHQHQ%H
WUDFKWHUV XP GLH 3DUHQFK\PJUHQ]H DE]XVFKlW]HQ(UVFKZHUWZLUG GLHV GXUFK GLH KlXILJ LUUHJXOlUH
,QYDVLRQGHV%$&
,QGLHVHU$UEHLWZXUGHQPLW+LOIHGHU/XQJHQIOXWXQJHUVWPDOLJ]HQWUDOH/XQJHQWXPRUHYROOVWlQGLJ
VRQRPRUSKRORJLVFK GDUJHVWHOOW ,P DWWHOHNWLHUWHQ /XQJHQJHZHEH RGHU EHU HLQH SOHXUDOH ,QYDVLRQ
VLQGGLHVHGDJHJHQQXUXQYROOVWlQGLJHDEELOGEDU/HVVHUHWDO




]XJW V\VWHPLVFK WKHUDSLHUW ZREHL GHU YRUOLHJHQGH RSHUDWLYH )DOO HLQ =XIDOOVEHIXQG ZDU %HL GHP
%LOGJHEXQJVV\VWHPKDQGHOWHHVVLFKXPHLQSRUWDEOHVXQGFD-DKUHDOWHV/RZ&RVW6\VWHP'LH




EHU GHP 7XPRU YHUPXWOLFK HLQ JHULQJHUHV (0RGXO DXIZHLVW 'DPLW LVW PLW HLQHU GHXWOLFKHUHQ

















& .RFKVDO]O|VXQJ JHIOOWHQ %HKlOWHU LQ GHVVHQ %RGHQ HLQ DNXVWLVFKHU $EVRUEHU HLQJHEUDFKW
ZXUGH'XUFKGLH]HQWUDOHgIIQXQJGHV+,)8:DQGOHUV +6RQLF&RQFHSWV,QF%RWKHOO:$
86$ZXUGHHLQ7KHUPRHOHPHQWPLWPP'XUFKPHVVHU.;)/DEIDFLOLW\/WG8.]HQWUDO
V\PPHWULVFK ELV LQ GHQ)RNXV GXUFK HLQH3XQNWLRQVQDGHO * JHIKUW'HU 6SDQQXQJVZHUW GHV
7KHUPRHOHPHQWHV 7&ZXUGHYRQ HLQHP0XOWLPHWHU $$JLOHQW 6DQWD&ODUD86$ HUIDVVW
XQG GLJLWDOLVLHUW EHU GDV*3,2 DQ HLQHQ /DSWRS ]XU'DWHQVSHLFKHUXQJ ZHLWHUJHOHLWHW 'DV /HLV
WXQJVVFKHPDZXUGHGXUFKHLQHQ)XQNWLRQVJHQHUDWRU$$JLOHQW3DOR$OWR86$HU]HXJWXQG
PLW GHP 5)$PSOLILHU 5) 6RXUFH $WKHQD *U YHUVWlUNW (LQ KHUVWHOOHUVSH]LILVFKHV ,PSHGDQ]
PDWFKLQJGLHQWHGHUΩ$QSDVVXQJ]ZLVFKHQ6FKDOOZDQGOHUXQG9HUVWlUNHU=XU.RQWUROOHGHUIR










ܫ ൌ Ͳǡͺ͸͹ ௜ܲ௡ܨܹܪܯଶ *O
HLQHIRNDOH,QWHQVLWlWYRQܫ ൎܹܿ݉ିଶ LPYHUOXVWIUHLHQ0HGLXP'LHEHUHFKQHWHIRNDOH,Q
WHQVLWlW VWLPPW PLW :HUWHQ DXV GHU /LWHUDWXU EHUHLQ LQ ZHOFKHQ GHU YHUZHQGHWH 6FKDOOZDQGOHU
DNXVWLVFKXQWHUVXFKWZXUGH=KRXHWDO'LHVH6FKDOOLQWHQVLWlWZXUGH LQ3XOV]JHQ]X






















QLWlWVYHUVWlUNXQJ HUUHLFKW LKU 0D[LPXP DP (QGH GHU +,)8%HVFKDOOXQJ XQG UHGX]LHUW VLFK LP
9HUODXIGHU$ENKOXQJZLHGHU(VYHUEOHLEWDEHULQGHU$EODWLRQV]RQHHLQHHFKRUHLFKHUH7H[WXUDOV































RQ XQG 7HPSHUDWXUDQVWLHJ ZLH LQ *O  EHVFKULHEHQ NRQQWH VRPLW IU GDV /XQJHQPRGHOO
EHVWlWLJWZHUGHQ
(LQ9HUJOHLFKGHUJHPHVVHQHQXQGVLPXOLHUWHQEDVLHUHQGDXIGHQLQ.DSLWHOEHVWLPPWHQDNXVWL
VFKHQ 3DUDPHWHUQ IRNDOHQ +|FKVWWHPSHUDWXUHQ LVW LQ $EE  GDUJHVWHOOW 'DEHL LVW HLQH JXWH
hEHUHLQVWLPPXQJ IU GDV $'& HUVLFKWOLFK ZRKLQJHJHQ LP %$& GLH JHPHVVHQH 7HPSHUDWXU





















(LQH (FKRJHQLWlWVYHUlQGHUXQJ LVW VLJQLILNDQW IU +,)8 LQGX]LHUWH /lVLRQHQ 6DVDNL HW DO 
ZREHLGLH VRQRPRUSKRORJLVFKH$XVGHKQXQJPLWGHU$EODWLRQV]RQHNRUUHOLHUW 9DH]\ HWDO
'LHVHEHUXKW DXI%ODVHQXQG.DYLWDWLRQVELOGXQJEHL ]XQHKPHQGHU7HPSHUDWXU !&ZlKUHQG
GHU $EODWLRQ (FKRJHQLWlWVYHUlQGHUXQJHQ ZlKUHQG GHU +,)8 %HVFKDOOXQJ ]HLJWHQ VLFK DXFK LP

















































$EE  ]HLJW GHQ SULQ]LSLHOOHQ 0HVVDXIEDX ZHOFKHU EH]JOLFK GHV %HKlOWHUV XQG GHU +,)8
$QUHJXQJLGHQWLVFK]XGHPLQ.DSLWHOEHVFKULHEHQHQLVW,QGHU+|KHGHU)RNXVODJHZXUGHOD
WHUDO HLQHKRFKIUHTXHQWH/LQHDUVFKDOOVRQGH 6/$6RQRVLWH%RRWKHO:$86$ VRZLHHLQSDVVLYHU
.DYLWDWLRQVGHWHNWRU3&'DQJHRUGQHW'HU3&'EHVLW]WHLQHKRKH6HQVLWLYLWlWEHLN+]PLWHL










EHLZXUGH+,)8 0+] LQ3XOV]JHQ YRQ 3HULRGHQPLW HLQHU:LHGHUKROUDWH YRQ +]
DSSOL]LHUW,QGLHVHUFDPVDQGDXHUQGHQ+,)83KDVHHUIROJWHGLH3&''DWHQHUIDVVXQJEHU
6DPSOHVPLWHLQHU$EWDVWUDWHYRQ0+]










































3XOV]JH DXIJH]HLFKQHW XQG GLH.DYLWDWLRQVHUHLJQLVVH IU GLHVH JH]lKOW'LH:DKUVFKHLQOLFKNHLW
HLQHU.DYLWDWLRQVLQGXNWLRQ LQ MHGHUHLQ]HOQHQ/HLVWXQJVVWXIHHUJLEWVLFKVRPLWDXVGHP4XRWLHQWHQ
GHU SRVLWLYHQ VXEKDUPRQLVFKHQ(UHLJQLVVH XQG GHU*HVDPWDQ]DKO GHU0HVVXQJHQ=XU 6WHXHUXQJ





4XRWLHQW GHU SRVLWLYHQ(UHLJQLVVH XQG $Q]DKO DOOHU )UDPHV $OV (UHLJQLVJUXSSH ZXUGH GDEHL GDV
$XIWUHWHQ YRQ.DYLWDWLRQVEODVHQ HUK|KWH (FKRJHQLWlW VRZLH*HZHEHHURVLRQ +RKOUDXPELOGXQJ
JHZHUWHW
'LHIRNDOH,QWHQVLWlWZXUGHJHPl*OEDVLHUHQGDXIGHUDSSOL]LHUWHQHOHNWULVFKHQ/HLVWXQJEH















/DJH 0DWHULDO %HVFKUHLEXQJ ,PSHGDQ] 'LFNH
 $%63ODVWLN )URQW0DWFKLQJ/D\HU]X:DVVHU 05D\O PP
 3=7$ILOO DNWLYHV(OHPHQW 05D\O PP
 +<62/03 (SR[LGKDU]%DFNLQJ 05D\O !PP

'LHVLPXOLHUWHXQGJHPHVVHQH,PSXOVDQWZRUWLVWLQ$EEGDUJHVWHOOW'DEHLVWLPPWGLH/DJHGHU















,Q7DE  LVWGLH.DYLWDWLRQVZDKUVFKHLQOLFKNHLWLQGHU%%LOGXQGSDVVLYHQ'HWHNWLRQ LQ$EKlQ







WXQJ>:@       
IRNDOH,QWHQVLWlW
ࡵሾࢃࢉ࢓ି૛ሿ
      
:DKUVFKHLQOLFKNHLW.DYLWD
WLRQVEODVHQELOGXQJ       
:DKUVFKHLQOLFKNHLW*HZH





























UHQG DXI GHU $QDO\VH VXEKDUPRQLVFKHU 6FKDOODPSOLWXGHQ GDUJHVWHOOW 'LHVH ]HLJW HLQH JHULQJH
:DKUVFKHLQOLFKNHLWS≈IU.DYLWDWLRQVLQGXNWLRQLPJHIOXWHWHQ/XQJHQSDUHQFK\PEHL,QWHQ
VLWlWVZHUWHQXQWHUͳǤͲͲͲܹܿ݉ିଶ0LW ]XQHKPHQGHU/HLVWXQJ VWHLJWGLH:DKUVFKHLQOLFKNHLW DQXQG
EHUͳǤͷͲͲܹܿ݉ିଶZLUGEHLMHGHU0HVVXQJHLQ.DYLWDWLRQVHUHLJQLVGHWHNWLHUW







(LQH JH]LHOWH +,)8([SRVLWLRQ GHV WXPRUXPJHEHQGHQ 3DUHQFK\PV VWHOOW SUDNWLVFK JHVHKHQ HLQ
)HKOJXLGLQJGDUZHOFKHVQLFKWGHP1RUPDOIDOOHQWVSULFKW-HGRFKIXQJLHUWGDV3DUHQFK\PDOVDNXV
WLVFKHU3IDGGXUFKGHQ6FKDOOZHOOHQ]XP)RNXVKLQYHUVWlUNWZHUGHQ(VNRPPWMHQDFK$SHUWXU]X

































NHUXQG6FKDOOZDQGOHU LQGHQPD[LPDOHQ/HLVWXQJVEHUHLFKHQEHWULHEHQ  ௜ܲ௡≈:ZXUGHQ'LH
'HWHNWLRQVVFKZHOOHQ GXUFK 6XEKDUPRQLVFKH XQG %%LOG OLHJHQ ZHLW XQWHUKDOE GLHVHU HURVLY ZLUN
VDPHQ,QWHQVLWlWVZHUWH6RPLWNDQQPLW+LOIHEHLGHU9HUIDKUHQHLQ0RQLWRULQJGHU.DYLWDWLRQHUIRO
JHQ'DHVVLFKEHLGHU IHVWJHVWHOOWHQ*HZHEHHURVLRQXPHLQ(LQ]HOHUHLJQLV KDQGHOWH LVWPLW
HLQHPK|KHUHQ*UHQ]ZHUWGHU(URVLRQ]XUHFKQHQ'LHVHUNRQQWHH[SHULPHQWHOOQLFKWHYDOXLHUWZHU
GHQ GD GHU 9HUVWlUNHU GDIU QLFKW DXVJHOHJW ZDU %HL HLQHU IRNDOHQ %HVFKDOOXQJ GHV 3DUHQFK\PV
VROOWHELV]XP9RUOLHJHQZHLWUHLFKHQGHUHU'DWHQVLFKHUJHVWHOOWZHUGHQGDVVGLHIRNDOH,QWHQVLWlWDXI
ܹܿ݉ିଶ OLPLWLHUWZLUG(V]HLJWHVLFKHLQH(PSILQGOLFKNHLWGHV*HZHEHVGXUFK9RUVFKlGL









HLQHU*HZHEHVFKlGLJXQJ GXUFK.DYLWDWLRQ XQG LVW GXUFK GHQ QHJDWLYHQ 6SLW]HQGUXFN 313 XQG
)UHTXHQ]ZLHIROJWGHILQLHUW
ܯܫ ൌ ܲܰܲඥ݂  *O








'LH ELVKHULJHQ8QWHUVXFKXQJHQ ]XU+,)8:HFKVHOZLUNXQJ HUIROJWHQ DXVVFKOLHOLFK DP WXPRUWUD
JHQGHQ 5HVHNWDW 'HV :HLWHUHQ ZXUGH GLH :LUNXQJ YHUVFKLHGHQHU $EODWLRQVVFKHPDWD LQ
6LPXODWLRQHQ XQWHUVXFKW(V VWHOOW VLFK DEHU GLH)UDJH RE GLH/XQJHQIOXWXQJ DXFK GHQ NOLQLVFKHQ







$OV *URWLHUPRGHOO ZXUGH GDV 6FKZHLQ ´'HXWVFKH /DQGUDVVH´ ZHLEOLFK YHUZHQGHW ZLH LQ GHQ
JUXQGOHJHQGHQ$UEHLWHQ]XU/XQJHQIOXWXQJYRQ.OLQ]LQJXQG/HVVHUHWDO'DV
6FKZHLQ LVW HLQ DQHUNDQQWHV SXOPRQDOHV0RGHOO ZHOFKHV GHP KXPDQHQ QDKH VWHKW -XGJH HW DO
 $Q  7LHUHQ PLW HLQHPPLWWOHUHQ *HZLFKW YRQ FD NJ NJ²NJ HUIROJWH GLH XQL
ODWHUDOH/XQJHQIOXWXQJRKQH(U|IIQXQJGHV7KRUD['LH9HUVXFKVVHULHZXUGH LP,QVWLWXW IU9HU
VXFKVWLHUNXQGH XQG 7LHUVFKXW] ,9X7 GHU )ULHGULFK 6FKLOOHU 8QLYHUVLWlW -HQD GXUFKJHIKUW 'LH
3ODQXQJXQG$QlVWKHVLHZXUGHQYRQ+HUUQ'U6FKXEHUWXQG)UDX'U%LVFKRIIXQGGLHFKLUXUJL






NDQOH EHU ZHOFKH 'URSHULGRO PJ XQG 'LD]HSDP PJ LQML]LHUW ZXUGHQ =XVlW]OLFK











3DUDPHWHU 7' $WHPIUHT 3((3 6SLW]HQGUXFN ࡲࡵࡻ૛
:HUW PONJ PLQ FPܪଶܱ FPܪଶܱ 

(VHUIROJWHHLQNRQWLQXLHUOLFKHV0RQLWRULQJ '$7(;$6'DWH[2KPHGD+HOVLQNL)LQODQGGHU




1DFKPLQGHVWHQV PLQWLJHU 6DXHUVWRIIYHQWLODWLRQ ܨܫܱଶ ൌ ͳZXUGH GHU HQGREURQFKLDOH 7XEXV
GHV OLQNHQ /XQJHQXQWHUODSSHQV YRP 5HVSLUDWRU JHWUHQQW 'LH DXI & WHPSHULHUWH XQG HQWJDVWH
.RFKVDO]O|VXQJ%UDXQ0HOVXQJHQ$*0HOVXQJHQ*HUPDQ\ZXUGHEHUHLQ,QIXVLRQVV\VWHPXP
JHKHQG HLQJHOHLWHW 'DV (LQVWU|PHQ GHU )OVVLJNHLW HUIROJWH PLW JHULQJHP 9ROXPHQIOXVV
/PLQ'LH/|VXQJZLUGGDEHLDQGHU8QWHUVHLWHGHV7XEXVVFKHQNHOVHLQJHOHLWHWZlKUHQGGDV


















WHQ /XQJH ZLHGHU KHU]XVWHOOHQ ,P HUVWHQ 6FKULWW ZXUGH GDV ,QIXVLRQVV\VWHP YRP OLQNHQ
7XEXVVFKHQNHO JHWUHQQW'XUFK HLQH OHLFKWH NRSIEHU1HLJXQJ LQ5FNHQODJH ELV ZXUGH HLQ
7HLOGHULP7XEXVXQG%URQFKLDOV\VWHPEHILQGOLFKHQ/|VXQJDXVJHOHLWHW'HU7XEXVVFKHQNHOZXUGH






WDO LQV ]HQWUDOH /XQJHQSDUHQFK\P LQ  7LHUHQ LQML]LHUW 'DIU ZXUGH HLQ SK\VLRORJLVFKHU
=ZHL.RPSRQHQWHQ.OHEVWRII DXI 3URWHLQEDVLV YHUZHQGHW %LRJOXH &U\R/LIH (XURSD*XLOGIRUG
8.,PIOVVLJHQ=XVWDQGZXUGHQGLH.RPSRQHQWHQEHUHLQH0LVFKSDWURQHGLUHNWLQGLHJHIOXWHWH
/XQJH LQML]LHUW ,QQHUKDOEYRQ6HNXQGHQ IRUPWGLHVHU.OHEVWRII HLQH VROLGH0DVVH'LH DNXVWL
VFKHQ(LJHQVFKDIWHQ GHV700ZXUGHQ ZLH LQ.DSLWHO  EHVFKULHEHQ EHVWLPPW'DEHL ]HLJWHQ
VLFKlKQOLFKH:HUWHZLHEHL/XQJHQWXPRUJHZHEH7DE
7DEDNXVWLVFKH3DUDPHWHUGHV%LRJOXH700
3DUDPHWHU = F $ Q
:HUW 05D\O ݉ݏିଵ G%FP 

=XU +,)8$SSOLNDWLRQ ZXUGH GHU LQ .DSLWHO  EHVFKULHEHQH $XIEDX YHUZHQGHW $OV +,)8






















,P WUDQVWKRUDNDOHQ %%LOG ZDU GLH YHQWLOLHUWH /XQJH YRU )OXWXQJVEHJLQQ QLFKW VRQRJUDSKLVFK DE
ELOGEDU(LQ SOHXUDOHV(FKR JUHQ]W GDV GDUEHU OLHJHQGH LQWHUNRVWDOH*HZHEH YRQ GHU YHQWLOLHUWHQ
/XQJHDE$EED'LHIUJHVXQGH/XQJHW\SLVFKHQ.RPHW7UDLO$UWHIDNWHXQGSOHXUDOH*OHLWHU
VFKHLQXQJHQ5HLVVLJ	.URHJHOWUDWHQYHUHLQ]HOWDXI


















































1DFK  0LQXWHQ VWDELOHU )OXWXQJ HUIROJWH GLH 5HYHQWLODWLRQ 0LW GHP $XVOHLWHQ GHU /|VXQJ
GXUFKGHQ7XEXVVFKHQNHOZXUGHGLH%LOGJHEXQJGXUFK*DVEHVWDQGWHLOHEHKLQGHUW$EED8Q
PLWWHOEDUQDFK$QVFKOXVVGHV/XQJHQIOJHOV DQGLH%HDWPXQJZDUGLH VRQRJUDSKLVFKH%LOGJHEXQJ







,Q GLHVHU9HUVXFKVVHULH HU]LHOWH GLH XQLODWHUDOH/XQJHQIOXWXQJ DQ  YRQ 7LHUHQ HLQH YROOVWlQGLJH







IROJWH GXUFK PDQXHOOH 3RVLWLRQLHUXQJ ZREHL LQ MHGHU $863KDVH HLQH 'HSODW]LHUXQJ GHV )RNXV
YRUODJ ,Q $EE  LVW HLQ $XVVFKQLWW GHV 7HPSHUDWXUYHUODXIV LP 700 ZlKUHQG HLQHU +,)8
%HVFKDOOXQJ GDUJHVWHOOW 'DEHL ]HLJHQ VLFK SDUWLHOOH 7HPSHUDWXUDQVWLHJH XP . LQ GHU $1
3KDVH 'LHVH DNNXPXOLHUHQ VLFK LP =HLWYHUODXI XQG HUUHLFKHQ NXU]]HLWLJ 7HPSHUDWXUHQ YRQ EHU
&:lKUHQGGHU$13KDVHLVWHLQH[SRQHQWLHOOHU7HPSHUDWXUDQVWLHJ]XEHREDFKWHQ,QGHU$86
3KDVHHUIROJWHLQVFKQHOOHU7HPSHUDWXUUFNJDQJZHOFKHUEHUGHP:HUWYRUGHUOHW]WHQ$13KDVH












7URNDU GXUFKJHIKUW'DPLW LVW HLQH ZHVHQWOLFKH9RUDXVVHW]XQJ IU GLHQLFKWLQYDVLYH $QZHQ
GXQJWKHUDSHXWLVFKHU6FKDOOIHOGHULQGHU/XQJHHUIOOW
7UHIIHQ+,)8'RVHQDXI*DVHLQVFKOVVHZHUGHQGLHVH5HIOHNWLHUWZDVPLWGHU6FKLUPXQJGHVIRND
OHQ =LHOJHELHWHV XQG PLW ORNDOHU *HZHEHVFKlGLJXQJ HLQKHUJHKW 6LPRQ HW DO  'LH
VRQRJUDSKLVFKH%%LOGJHEXQJLVWHLQJHHLJQHWHV,QVWUXPHQWXPGLH4XDOLWlWGHV)OXWXQJV]XVWDQGHV








WLRQ ,Q DOOHQ7LHUHQ ZDUGHU)OXWXQJV]XVWDQG IUPLQGHVWHQV HLQH6WXQGH VWDELO(V ]HLJWHQ
VLFK PLW ]XQHKPHQGHU )OXWXQJVGDXHU )OVVLJNHLWVDQVDPPOXQJHQ ZDV DP GHXWOLFKVWHQ LP
3OHXUDOVSDOW]XEHREDFKWHQZDU'DEHLKDQGHOWHHVVLFKXPVDOLQH/|VXQJZHOFKHLQGHQ6SDOWHLQGLI
IXQGLHUW ZDV VLFK GXUFK GLH ILQDOH 6HNWLRQ GHV 7LHUHV EHVWlWLJWH 'XUFK GLH

































PRQDOHU +HUGH DP JHVFKORVVHQHQ 7KRUD[ JH]HLJW :ROIUDP HW DO  ,P VWDELOHQ
)OXWXQJV]XVWDQG NRQQWHQ+,)8'RVHQ DXI HLQHQ VLPXOLHUWHQ+HUG JHVWW]W GXUFK%%LOGJHEXQJ
DEJHJHEHQ ZHUGHQ 'LHVH UHVXOWLHUWHQ LQ HLQHU ORNDOHQ 7HPSHUDWXUHUK|KXQJ Δ7≈. ZHOFKH
VLFKVHKUXQHLQKHLWOLFKGDUVWHOOWH





PHHLQWUDJ XQWHUVFKLHGOLFK VWDUN DXI GDV 7& 7URW]GHP ]HLJWH VLFK HLQH VLJQLILNDQWH
















LVW GLH FKLUXUJLVFKH5HVHNWLRQGDV0LWWHO GHU:DKO LQ%H]XJ DXI.XUDWLYLWlW LP6WDGLXP , ,,D(V
PVVHQMHGRFKLQGLYLGXHOO1XW]HQXQG6FKDGHQGXUFK,QYDVLYLWlWXQG3DUHQFK\PYHUOXVWDEJHZRJHQ
ZHUGHQ8P7XPRUHLPJXWWKHUDSLHUEDUHQIUKHQ6WDGLXP]XGLDJQRVWL]LHUHQZLUGDQGHU(LQIK










EHL HUK|KWHU1HEHQZLUNXQJVUDWH YDQ%DDUGZLMN HW DO  ,QGHU 6WUDKOHQWKHUDSLHGHV16&/&
VFKHLQWHLQ3ODWHDXGHU'RVLV:LUNXQJHUUHLFKW]XVHLQXQGGXUFKHLQYHUEHVVHUWHV7DUJHWLQJLVWPLW
NHLQHPK|KHUHQ WKHUDSHXWLVFKHQ1XW]HQ]X UHFKQHQ'LH&KHPRWKHUDSLHNRPPW OHGLJOLFKQHRDG
MXYDQW RGHU SDOOLDWLY EHLP IRUWJHVFKULWWHQHQ 16&/& ]XP (LQVDW] ,P OHW]WHQ -DKU]HKQW ZXUGHQ
]LHOJHULFKWHWHPROHNXODUELRORJLVFKH7KHUDSLHDQVlW]HVWDUNJHI|UGHUWZHOFKHDEHU]XNHLQHPYHUEHV
VHUWHQ hEHUOHEHQ EHLWUDJHQ /HRQJ HW DO  6KHSKHUG  (UVWH $UEHLWHQ ]XU ,PPXQR






$SSOLNDWRUVYHUKLQGHUWHGHQ(LQ]XJDOVNXUDWLYH7KHUDSLHRSWLRQ/XQJH LVW DXIJUXQG LKUHUSK\VLR
ORJLVFKHQ%HVRQGHUKHLWHQ3OHXUDOGUXFN3HUIXVLRQ%HZHJXQJEHVRQGHUVVHQVLEHOXQGHVEHGDUIEH








WHQ GLH LP :HVHQWOLFKHQ GXUFK GLH $QlVWKHVLH XQG GLH 8OWUDVFKDOOWHFKQLN HQWVWHKHQ (LQ 5LVLNR
SRVWRSHUDWLYHU.RPSOLNDWLRQHQEHVWQGHEHL+,)8$EODWLRQGHV%URQFKLDONDU]LQRPVDPJHVFKORV
VHQHQ 7KRUD[ QLFKW 'LH /XQJHQIOXWXQJ ZlUH DXFK RIIHQ E]Z WKRUDNRVNRSLVFK GXUFKIKUEDU
ZRGXUFKSDUDOOHO/\PSKNQRWHQGLVVHNWLRQXQG'LDJQRVHVLFKHUXQJHUIROJHQN|QQWH,QGLHVHP)DOOH
ZUGH HLQ LGHDOHU DNXVWLVFKHU =XJDQJ EHL GHU LQWUDRSHUDWLYHQ+,)8$EODWLRQ GHV %URQFKLDONDU]L
QRPV ]XU 9HUIJXQJ VWHKHQ *HJHQEHU GHU NODVVLVFKHQ /DSSHQUHVHNWLRQ ZlUH LPPHU QRFK GLH
3DUHQFK\PVFKRQXQJYRUWHLOKDIW
,QGLHVHU$UEHLWZXUGHQGLHZHVHQWOLFKHQ*UXQGODJHQIUHLQHXOWUDVFKDOOJHVWW]WHQ+,)8$EODWLRQ
GHV %URQFKLDONDU]LQRPV XQWHU /XQJHQIOXWXQJ GDUJHOHJW 'DEHL NRQQWH JH]HLJW ZHUGHQ GDVV VLFK
/XQJHQWXPRUHYRP3DUHQFK\PVRQRJUDSKLVFKYROOVWlQGLJDEJUHQ]HQODVVHQ'LH%%LOGJHEXQJVWHOOW
VRPLWHLQJHHLJQHWHV*XLGLQJIUGDV+,)87DUJHWLQJGDU=HQWUDOH/XQJHQWXPRUH]HLJWHQHLQH]X
YHUOlVVLJH (UZlUPXQJ GXUFK WKHUDSHXWLVFKH 6FKDOOIHOGHU 'DEHL ZXUGHQ 7HPSHUDWXUHQ EHU &
LQGX]LHUW'LHVHPVVWHQHQWVSUHFKHQGGHPJlQJLJHQ'RVLV:LUNXQJVPRGHOOHQ]XHLQHUYROOVWlQGL





VFKHLQW HLQ QHXDUWLJHU 7KHUDSLHDQVDW] GHU PLQLPDOLQYDVLYHQ $EODWLRQ GHV /XQJHQNDU]LQRPV
PDFKEDU
(LQH8QWHUVXFKXQJ GHU SK\VLNDOLVFKDNXVWLVFKHQ(LJHQVFKDIWHQ ]HLJWH HLQH EHVRQGHUV JHULQJH$E
VRUSWLRQGHUJHIOXWHWHQ/XQJH6RPLWNDQQWKHUDSHXWLVFKHU8OWUDVFKDOOIDVWYHUOXVWIUHLGDV3DUHQFK\P
GXUFKGULQJHQ,PIRNDOHQ7KHUDSLHJHELHWHUIlKUWQXUGDVVROLGH7XPRUJHZHEHHLQHWKHUPLVFKH,Q








IU HLQHQJURHQ6DXP LVW GLH3HUIXVLRQVXQWHUELQGXQJGXUFKGHQ)OXWXQJVGUXFNXQG HLQH(UZlU





VLHUWHU 6FKDOOIHOGHU /XQJHQWXPRUH QLFKWLQYDVLY DEODGLHUW ZHUGHQ N|QQWHQ (LQH $XVVDJH ]XU
NXUDWLYHQ )lKLJNHLW NDQQ GHU]HLW QLFKW JHJHEHQ ZHUGHQ 8QWHU RSWLPDOHQ 7KHUDSLHEHGLQJXQJHQ
N|QQWHQ$EODWLRQVUlQGHUHU]LHOWZHUGHQGLHQDFKGHU]HLWLJHP.HQQWQLVVWDQGHLQHNXUDWLYH7KHUDSLH
PDOLJQHU /XQJHQWXPRUH HUP|JOLFKHQ 'LH YROXPHWULVFKH +,)8$EODWLRQ XQWHU /XQJHQIOXWXQJ
VFKHLQWEHVRQGHUV]XU7KHUDSLHVROLGHU]HQWUDOHU77XPRUHQPLWHLQHP'XUFKPHVVHUYRQ
FPJHHLJQHW]XVHLQZHOFKHGLHKlXILJVWH(YLGHQ]LP6FUHHQLQJDXIZHLVHQ





WKHUDSHXWLVFKHU 6LFKW YLHOYHUVSUHFKHQG HUVFKHLQW'LH EHQ|WLJWHQ7HFKQRORJLHQ IU GHQ NOLQLVFKHQ
(LQVDW]GHU+,)8$EODWLRQDP%URQFKLDONDU]LQRPVVLQG MHGRFK]XP7HLOQRFK LP(QWZLFNOXQJV
VWDGLXP9HUIDKUHQ ]XU LQWHUNRVWDOHQ6FKDOOHLQNRSSOXQJ VLQGZLVVHQVFKDIWOLFKXPIDVVHQGGDUJHOHJW
XQGZXUGHQH[SHULPHQWHOOPLW8OWUDVFKDOOVRZLH057JHVWW]WHQ6\VWHPHQGXUFKJHIKUW*pODWHW
DO5LHNHHWDO ,QGHU]HLWLJHU(QWZLFNOXQJVLQG:DQGOHU $SHUWXUHQPLW VHKUJURHU
2EHUIOlFKH !FP[FP0LWGHQHQNDQQHLQH IRNDOH9HUWHLOXQJ LP=LHOYROXPHQXPJHVHW]W
























IHQVWHU YRQ PLQGHVWHQV HLQHU 6WXQGH ]XU 9HUIJXQJ 'LHV HUP|JOLFKW EDVLHUHQG DXI GHQ
YRUJHVWHOOWHQ$QQDKPHQGHU+,)8/HLVWXQJVGDWHQHLQHPLQLPDOLQYDVLYH7KHUDSLHYRQ]ZHL7XPR





QLFKW VHOWHQ VWUDKOHQ XQG FKHPRUHVLVWHQW 6FKLUUHQ HW DO  ,P )DOOH HLQHU ]HQWUDOHQ /RNDOL
VDWLRQLVWGLH5HVHNWLRQDXIJUXQGGHV]XHUZDUWHQGHQ3DUHQFK\PYHUOXVWHVRIWQLFKWYHUWUHWEDU
'HU(LQVDW]]XUPLQLPDOLQYDVLYHQ$EODWLRQYRQ0HWDVWDVHQZLUGYHUPXWOLFKHKHUNOLQLVFKH$N]HS































































'XQPLUH % .XFHZLF] - 0LWFKHOO 6 &UXP / 6HNLQV0  &KDUDFWHUL]LQJ DQ $JDU*HODWLQ














































+XEHU3 -HQQH -5DVWHUW5 6LPLDQWRQDNLV , 6LQQ+ 6WULWWPDWWHU+ $QHZQRQLQYDVLYH














































/HH++HR - &KR< <XQ 6.LP+ /HH: &KRL' +HSDWHFWRP\ YV UDGLRIUHTXHQF\




/HVVHU 7  1HXH 0|JOLFKNHLWHQ GHU NRPSOHWWHQ /XQJHQVRQRJUDSKLH EHL HLQVHLWLJHU
)OVVLJNHLWVIOOXQJ  H[SHULPHQWHOOH 8QWHUVXFKXQJHQ ]XU 7HFKQLN +HUGVLPXODWLRQ
+lPRG\QDPLNXQG0RUSKRORJLH+DEOLWDWLRQVVFKULIW)ULHGULFK6FKLOOHU8QLYHUVLWlW-HQD















































































/DSDURVFRSLF PP8OWUDVRXQG ,PDJHJXLGHG +LJKLQWHQVLW\ )RFXVHG 8OWUDVRXQG 3UREH
IRU$EODWLRQRI5HQDO1HRSODVPV8URORJ\
6HGHODDU -'H/D5RVHWWH -%HHUODJH+:LMNVWUD+'HEUX\QH)$DUQLQN5 7UDQVUHFWDO






















6XQ / &ROOLQV & 6FKLDQR - 6PLWK 0 6PLWK 1  $GDSWLYH 5HDO7LPH &ORVHG/RRS



























































=KRQJ & )DQJ : 0DR 7 <DR ) &KHQ : +X '  &RPSDULVRQ RI WKRUDFRVFRSLF


































































*HEXUWVWDJ 2UW   LQ6|PPHUGD
6WDDWVDQJHK|ULJNHLW  GHXWVFK
)DPLOLHQVWDQG  YHUKHLUDWHW
.LQGHU   

$XVELOGXQJ
² 6WXGLXPGHU0HGL]LQWHFKQLN     78,OPHQDX
$EVFKOXVV'LSORP,QJHQLHXU780HGL]LQSK\VLNHU








² (QWZLFNOXQJVLQJHQLHXU  6PDUW0DWHULDO*PE+'UHVGHQ
 (QWZLFNOXQJYRQ8OWUDVFKDOONRPSRQHQWHQDXI3LH]RNRPSRVLW%DVLV
² ZLVVHQVFKDIWOLFKHU0LWDUEHLWHU  5:7+8QLNOLQLNXP$DFKHQ
- 'XUFKIKUXQJNOLQLVFKHU6WXGLHQ]XUSXOPRQDOH8OWUDVFKDOOGLDJQRVWLN
- 0LWZLUNXQJDQ/HKUHXQG)RUVFKXQJ





















0RUHQ] . %LOOHU +:ROIUDP ) /HRQKDGW 6 5WHU ' *ODDE 7 8KOLJ 6 +RKOIHOG - 




/HVVHU 7 6FKXEHUW + %LVFKRII 6 :ROIUDP )  Å/XQJ IORRGLQJ HQDEOHV HIILFLHQW OXQJ





IRFXVHG XOWUDVRXQG RQ OXQJ WXPRXUV DQ H[SHULPHQWDO VWXG\ LQ DQ H[YLYR KXPDQ FDQFHU
PRGHODQGVLPXODWHGLQYLYRWXPRXUVLQSLJV´(XU-0HG5HV
/HVVHU76FKXEHUW+*OOPDU'5HLFKHQEDFK-:ROIUDP) Å2QHOXQJIORRGLQJUHGXFHV
WKHLSVLODWHUDOGLDSKUDJPPRWLRQGXULQJPHFKDQLFDOYHQWLODWLRQµ(XU-0HG5HV
